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Abstract 

We present the full two-loop /3-functions for the minimal supersym- 
metric standard model couplings, extended to include R-parity violating 
couplings through explicit R-parity violation. 



1 Introduction 

The supersymmetric extension [I] [2] of the Standard Model(SM) which introduces 
new scalar particles for SM fermions and new fermionic particles for SM bosons is a 
model which baryon (B) and lepton (L) number are not automatically conserved in the 
renormalisable Lagrangian. In the SM, the baryon and lepton number are conserved 
automatically because it is impossible to write down renormalizable gauge-invariant 
interactions that violate baryon and lepton number. However, in supersymmetric 
extensions of the SM new interactions are allowed to violate baryon or lepton number, 
so a discrete symmetry is often imposed to prohibit the unwanted interactions that 
violate B and/or L and lead to unacceptably large effects [3]. The most common 
discrete symmetry is .R-parity which is defined [4]: 



Rp = (i) 

where S is the spin of the particle. All SM particles including the two scalar Higgs 
doublets are even under this transformation, and their superpartners are odd, which 
forces SUSY particles to always be made in pairs and forbids decay of the Lightest 
Supersymmetric Particle (LSP). 

Alternatively, since R-conservation is not theoretically motivated by any known princi- 
ple one can allow the B and L violating interactions to remain in the susy lagrangian, 
and constrain the couplings to be consistent with present experimental data. Both 
present of possible baryon and lepton number violating couplings may lead to unac- 
ceptably large effects such as proton decay. However; one can consider scenario which 
allow B or L violating interactions [3j . Therefore, the possibility of R-nonconservation 
deserves consideration. If we require a supersymmetric Standard Model which is only 
minimal in particle content the superpotential is modified to allow for additional R- 
parity violating interactions. R-parity violating interactions come from either super- 
potential terms which violate baryon number, separate terms which violate lepton- 
number, or from soft supersymmetry breaking terms. There are different kinds of 
such terms, of dimensions 4, 3, or 2, with a potentially rich flavour structure. 
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The rich phenomenology implied by i?-parity violation has now gained full atten- 
tion in the search for supersymmetry. The R-parity violating terms in supersym- 
metry have theoretical and phenomenological implications in supersymmetric theo- 
ries [6], such asigenerating majorana neutrino masses, mediating various flavour and 
lepton number violating processes, modifying the signatures of supersymmetric parti- 
cles at colliders, and possibility of decay of the lightest supersymmetric particle(LSP). 
It can also modify the Higgs sector [7] [8]. 

All parameters of the MSSM lagrangian such as gauge couplings and Yukawa couplings 
are scale dependent when one renormalizes the theory and replaces the bare parameters 
of the theory with running parameters. They are energy, or equivalently distance, 
dependent through virtual corrections. One can relate the values of these parameters 
at different scales using the Renormalisation Group Equations(RGEs), which involve 
the /3-functions. We know low-energy supersymmetry is a perturbative theory, which 
relates observed phenomena at low energies to physics at very high-energy scales. For 
example, it is remarkable that in the MSSM, the three gauge couplings appear to unify 
at scale 2— 3x 10 16 GeV (the GUT scale). With the parameters of the model specified at 
the input GUT scale by some candidate organizing principle, one can run the couplings 
and masses down to low energies using the renormalization group equations and make 
predictions about the sparticle masses and other low-energy phenomena. Therefore 
the knowledge of the /3-functions and anomalous dimensions of the theory is vital. The 
gauge P functions and the matter multiplet anomalous dimensions have been calculated 
up to four and three loop respectively [9, 10 in the R-parity conserving (RPC) case. 
The full three loop /3-functions including soft /3- functions have been presented in [11] . 
The two loop gauge f3 functions and anomalous dimensions in the R-parity violating 
(RPV) case have been calculated in [13] . In particular, Ref 12| contained a complete 
set of one-loop /3-functions for RPV parameters. The full two loop /3-functions for the 
baryon number violating (BNV) couplings have been presented in [14] . In this paper, 
we shall write down explicitly all possible R-parity violating terms in the framework 
of the Minimal Supersymmetric Standard Model, assuming the most general breaking 
of R-parity, and then will complete results of two loop /3-functions for all .R-parity 
violating parameters of the MSSM. 



2 Beta Functions 

For a general N = 1 supersymmetric gauge theory with superpotential 

W = l//-<lvl.. + iY^^ + L'$i, (2) 

the standard soft supersymmetry-breaking scalar terms are as follows 

1 1 1 1 - 

-£ soft = -b %3 4>i<t>j + -^h t3k 4>i(j)j(j)k + - {m 2 ) 3 ^ 4>j + -MXX + h.c. (3) 

Here A is the gaugino and M is its mass. The renormalization group equations for the 
gauge coupling and the superpotential parameters are given by: 

dg dYij k d/j,ij dhi 

d[i a\x a\i o/x 
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where \i is the renormalization mass scale. The /3-functions fiijk, /3ij and are deter- 
mined by the anomalous dimension (7) of the chiral supermultiplet $i as follows: 

Pijk = yijl^k + yilk^j + yWfc 7 *_ (5) 

The one loop results for the gauge coupling f3 g and 7 are given by: 

167r 2 /3« = ff Q, 16^ 2 ( 7 (1) )} =P;, (6) 
where Q and Pj are given by: 

= T(R) - 3C(G) 

p; = Iy«y^_2/C(i?)}, (7) 



where Yijfc = (y l: * fc )* and T(R) is the Dynkin index summed over all chiral multiplets. 
The Casimir invariants G(G) and C(R)j are defined by: 

T(R)S ab = Tr(R a R b ), C(G)8 ab = f acd f bcd , and Gifi)) = {R a R a )). (8) 

The two loop /3-functions for the dimensionless couplings are given by: 

(16^ 2 ) 2 /3f > = 2 3 5 C(G)Q - 2g 3 r- 1 C(ii);-^, (9) 
(16^ 2 ) 2 7 f )l = [-F, m „F mpl - 2g 2 C{R) p ] 5 i , l \P; + 2g 4 C(R))Q, (10) 

where r is the number of generators of the symmetry group, and Q and Pj are defined 
above. 

The complete exact results for the soft -functions are given by |15l 1161 [T7j : 

Ph k = 7 l i^ fc + 7>" fc + 7*^ ~ 2(7i + 7i + 71* 



/3„ a =29(^2.) 



og a 



(11) 



where 



( 7l )V = 67V (13) 

A = 269* + 2M aM:g l JL + Y lmn J- + F^^. (14) 

Here M is the gaugino mass, y ijfc = (m 2 ) i l Y : > kl + (m 2 )\Y ikl + (m 2 ) k l Y i3 \ and 

t^NSVZ _ _o_^ §_ /I tfl 

16tt 2 [l-2 5 2 G(G)(167r 2 )- 1 ]' 1 ; 
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where 



S = r- 1 tr[m 2 C{R)]- MM*C{G), (16) 

C(R),C(G) being the quadratic Casimirs for the matter and adjoint representations 
respectively and X function above is given in the NSVZ scheme [18]. Eq. (ll)holds 
in a class of renormalisation schemes that includes DRED' [19], which we will use 
throughout. There is no corresponding exact form for X in the DRED' [15]; however 
we only require here the leading contribution which is the same in both schemes; the 
subleading DRED' contribution is given in Ref [20] . These formulae can readily be 
specialised to the case of the RPV MSSM and their implementation can be automated. 



3 The R-parity violating MSSM scenario 



The unbrokrn N = 1 theory is defined by the superpotential 

W = W x + W 2 , (17) 

where 

Wi = e ab \(Yu)ijQi X H%Uj X + (Y D )ijQi X HiDj X + (Ye^H^E* - »H?H%\ , (18) 



and 

W 2 



Cab 



-tab**' Li H2) 



(19) 



In above equations, there is a summation over the generation indices (i,j,k — 1,2,3) 
and gauge indices (x,y,z = 1,2,3 and a,b — 1,2). e a b and e xyz are totally anti- 
symmetric tensors. 

The soft SUSY breaking Lagrangian is given by: 

- L so ft = (m%)ijQlQj + {m\)ijL\L 3 + (m~ c ) ij U?U][ c + (ro~ c )y-D?.Dt e 



+{m' gc ) ij E°E} c + mH 2 H T 2 H 2 + m^HlHi + 



(hu)ijH 2 QiUj 



+(h D )i j HiQ i D c j + {h E )ijHiLiE° - BHiH 2 + h.c. 



+ 



^MiBB + ^M 2 WW + ^M 3 gg + h.c. 



(20) 



where we have suppressed SU(2) indices. Here B,W and g are the gaugino fields, 
Q,U,D and L,E are the squark and slepton fields, respectively, and H\, 2 are the 
SU(2) doublet Higgs fields. L 2 includes terms which violate R-parity and it is given 
by: 



Cab 



-(h E k)ij L" L b jEl + {h D k)ijLiQ* b D c kx + h.c 



1 
2 

t r. - 



Cxyz{hiji)jkUi X Df Dl z - DiH 2 L ia + h.c 
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+Ll(mi iHl )H? + Hl a (m 2 HiLi )L 



(21) 
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4 Renormalization group equations for the Im- 
parity violating MSSM scenario 



In In this paper we present the full two loop beta functions in the 7?-parity violating 
(RPV) MSSM scenario. Firstly, We demonstrate the results for the Yukawa coupling 
/3-functions. In terms of the anomalous dimensions, the Yukawa /3-functions are given 
by[H|: 



:(Y E ) tJ = (Y E ) lkl *l + {Y E )i^l + {Y E ) k3l L L l - {K Ei ) k a"l (22) 



!L(V„-\. . _ CVrnV, n/- 3 '-4- CVr^V -J- <V„\, _ CA .1 

dt 

^Xn)n = (Y D ) ik Jni + (Yn)^l + (Y D ) kj ^' k ~ (A Di ) ki ^ (23) 



|(A*»)« = (A^OylSf + (A Bfe ) !i7 f / + P^)^ - (A^Oj,^ - 0^*7% (25) 
^(A D 0« = (Ax,.)„7^ + (A D »)«7§ + (Az,0y^ - (^)ik^ (26) 

dt 



^(A^) iJk = (A^^tS* + (A^) Ik 7flf + (Aui) jk -y% (27) 



Here t = ln(Q) and -y E ' are the anomalous dimensions, and they are given by 

7f , ~ (16^ 2 ) 7 ^ + (16^ 2 ) 27 [ b) 

where ^( 1 ),-y( 2 ) and • ■ • are 1— loop, 2— loop, ■ • ■ anomalous dimensions. The two-loop 
anomalous dimensions and gauge /3-functions of the R-parity violating MSSM have 
been given in Ref (T3] . Using the results of Ref [13] the two-loop Yukawa /3-functions 
for the 7i-parity violating MSSM are given by: 

2\2 i o(2) _ , 1R 2s2 fl (2) 



+ (3ffl - ^ 1 2 )(Y E ), fc Tr(A BJ A^) - 2(£A J5! At,,Y B + 3EA Dl A^Y E ),, 

+2(3EA Bj A* Dm Y D - EA Ej A^ m Y E ) im 
-2{Y E ) ik Tr[A Ei A Ek (E + A E iA El + 3A D( A^)] 

+2(Y E ) lk (3Y c .A t Dm Al k Y E - Y E A E m A Ek Y E ) m j - {Y E )ij [(E) n iTr(A El A E n)] 
-iY E ) lJ [&{D)i v Tr{A 1 DP A Dl ) + Tr(3EA Dq A t Dq +EA Eq A Eq + QDA\ Jq A v <i 
+ZDA* m A* m )] + (Wgl - §Si)(A D «Ak,Ys)« + |^(A B ,A^y B )« 
-(S) mj - (Y B )«Tr (A^,A B ») - 2(£) !m (A BJ A| 5m y £; ) ij - - (A B ,AU^)«Tr(A^AB») 

-(y B )im(3y|A| 5m A £ ,py5 + yIa^a^yJ)^ + (£) roi (3A s ™A^pY D 

+AgmAgp Yg)ip - (Y E A Em EA Em + 3,Y E A Em A DP A*< DP A Em 
+Y E A Em A E pA EP A Em )ji - &(A Ej A* D nY D A\j m A um ) in 
-&{A D iA^ D mY E ) i:j \{D)i m +Tr(A^A D m) + (A OT A^) ro! ] 

-3(y£Aj,».DAi,m + yiA^ m TA t Dm )^ - 3(A D ™ A^A^A^y^ 
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- 16ff3)(A Bj Ao«yb)» 9 - -^(A^A^Yb)^ - (3A E ., A B „ A DP A^ P Y E )i q 

-(AejA^AepA^Ye + 3A EJ Al iq EY E ) iq - (A EJ A En Y E ) 1 iTr(A t El A E ^) 
-3{A Ei E* A* D mY n - A Ei E* A E mY E )im + 9(A EJ A* D nDY D ) in 

+6(A Ej Al,nY D )iiTr(A Dl A] }n ) + 3(A Ej Al )q TY D + 3A Ej A^A] }m A* Dm Y D )i q . (29) 

(16n 2 ) 2 p$ Dhj = (167r 2 ) 2 /3 ( ( ^ )Rpc + |9?(A*„ A^.ysji, - (^ - 16 S 2 )(A^ A^Y c ) i<; 
+(A t D3 A Eq [SAdpA^Ye + AepA ep Y e + 3EY E ) lq 

+ {A t Dj A E nYE)ilTr(A^ l AEn)+3(A t Dj E[A* D rnY D - A E mY E ])im 

- (A* D3 - Aon [9DY D + 6Y D A^ m A V m ] ) in + 6Tr ( A D , A^ n ) (A* DJ A^ Y D ) in 

+3(Ai,jAD«([ryb + AUA^Yd])^ + {^gt + ^gl^AmA^Yh)^ 

6 lo 

+(6g| + ^ 2 )(y D ) lfc Tr(A DJ A^ fc ) - 2(Y^ dp A D pD% 
—2(YD)ikTr(A t D jA* Dk [D + T] + A^ fc A D] A^ Dq A Dq ) 
-(Y D ) zk Tr(6A Dq Al q A DJ Al k + 2A Eq A Eg A D1 A'< Dk + 2EA D1 A'< Dk ) 
-A(Y D A\j m Aup A\j P A V m )ij + 4(Y D Alj m ) in (A um ) jl Tr(A L)l A^„ ) 
-(6DA J DJ A* DP Y D + 2DA t Di A E qY E )i V - (Y D ) ik [6Y^ Dk A D vY D 
+2Y^ Dj AEpY E ] jp - 2(Y D A\ Jn A ul ) lJ [Tr(Al Jl A U r l ) + 2(f) ln ] 
-(Y D ) tJ Tr(3EA Dq A t Dq + EA Eq A Eq + &DA\j q A uq + 3DA t Dq A* E>q 

- (Y D ) i:i E n iTr {A^ El A E n) - Q{Y D ) l] Di p Tr{A { DP A D i) + ^gi(YnA D . q A D <,)j i 
-2(yi,A^ ! A Dm ) J 4 J D m! + {AuiA\j q )i m + Tr(A^ Dm A D i)\ 
-[YlA^ Dm (EA Dm +3A D ,A^,A D ™ + A E * A B9 A m )],,•; 
-(Y D )u[3Ybtf Dl A D ™Yl + Y^ Dl A Em Y E ] jm - 2{Y D A\ jq A m b) ij 
-2(Y D ) lm D lj Tr(A t Dm A D i) - Dy(3A^,AomYz> + A t Dl A Em Y E ) lm 

— {Yu)n{Y^YD)pjTr(A^ Jl Aup) - 4(A U mDAj rm y^) J - i . (30) 

(lG^ 2 ) 2 /^ = (16tt 2 ) 2 ^ )hpc + (| 5 2 - ^(Y^T^A^) - 2{TA t Dm A* r>m Yu)ij 

-A{Y v ) lk [(A^ A^ ) im Tr (AU A D , ) + Tr (A^ A^ D) 
+Tr(A [73 A t c/fc A l , P A t c/p )] - (Y y )« (T)„Tr (A^A UP ) 

-3(Y C /) lJ [Tr(Ai 3 ,Ac,) + r pm Tr(A t c/m A i7 p)] + ^(Y^A^Ao-Oji 
~2{Y^ J K l Dl A D m) Jl [b ml + (Aj/aA^,);^ + Tr(A^ m A D !)] 
-(Y^A^SAcm +3Y^A+ ?m A c ,At 35 A D m + Y^A^As^A^ADm)^ 

— (Yo)j; (3Y(J A^ ; Aom Y E + Y^ Dl A E mY^) jrn 
-2(Y D A] jq A uq Y D ,Y u ) i:i - 2{Y D ) irn (Y D .Y u ) lj Tr(A D . m A D ,) 
-(Y^Y u )i j (3A t Dl A* Dm Y D +A t D ,A' Em YB)i m . (31) 



G 



( 167r2 )^( ( A Efc >., = i^hml - pl){E)i k + {3gt - \gl)Tr{K Ek ^ El ) 
-2(Y E EY E + Y^AevA^Ye + 3Y E A D <,A Dq Y E ) lk 
-2(E) lk Tr(E + 3D) + 2{3Y E A Ek A Dm Y D 
-Y E A Ek A Em Y E ) lm - 2Tr[A J5fc Aj El (E + A Eq A Eq 
+3A Dq A t Dq )] + 2(3Y D A t Dm Al l Y E - Y E A E ™ A^F B ) mfc } 

+(A J5 »)«{(16ffi - |s?)(Au«A^ 4 )i« - 2(£ 2 ) j; 

+ + Ai59A^ g ) 3 ; + (Y E )i m (3A E m A* dp Yd + A E mA* EP Y E ) jp 

o 

-{Y E ) ml {Y E ) in Tr{A En A E m) - 2{A E r,A Em ) jl {E) nm 

— {A E nA Em )jiTr(A En A E m ) - (S^Tr (£ + 3D) 
-(^^(SA^AdpFo + A Em A EP Y E )i p 
-(A Em EA E m +3A Em A Dr A DP A Em + A Em A E vA EP A E m) l:j 
-6(A D nAt, m ) 3i [(-D)„ m +Tr{A Jf Dn A r> m) + (A y «A^) m „] 
-3(Ac m DAi, m +Ao m TAi 3m )y - 3(A D m A^ p A DP A^ m ) 3i } 
-(Ai5fc)ji{(16sf3 - ^5i 2 )(A D<! At ) ,) li + | 5 2 (£ + A Bg A^,)i( 

-2( J B 2 ) l ( - {Y E ) ml (Y E ) in Tr{A En A E ™) - 2{A E nA Em ) a (E) nm 
-{A E nA Em ) a Tr{A En A Em ) - E a Tr{E + 3D) + (Y E ) lm (3A Em A DP Y D 
+A Em A EP Y E ) ip - (A Em EA E m + 3A Em A DP A DP A Em 
+A Em A EP A EP A Em ) u - {Y E ) im (3A Em A D pY D +A Em A E pY E )i p 
-&{A Dn A ] Dm )u[{b) nm + Tr(A^„A D ™) + (AuiA\j q ) mn ] 
-3{A* D mDA Dm + A Dm TA Dm ) H - 3{A D mA^ D pA D pA ] Dm ) a } 

+(Y E ) ik {{^gi - lQgl)(A Dq Yv) JV - ^g 2 (A E <,Y E ) jp 

— (3A Eq A EP A EP Y E + A Eq A E p A E pY E + 3A Eq E Y E )j q 

— (A E nY E )jiTr(A E iA E n) - 6(Ad™ Yd A^m Aj/ m )j n 
-3{EA Dm Y D - EA E mY^) jm + 9{A D nD*YZ) jn 

+6{A D nY D .) j iTr(A D . l A t D n) + 3{Y^TA DQ ) qj + 3(A D9 A^ m A Dm Yu) jq \ 
-{yE)jk{{\gl - 16gi)(A D iY D ) iq - -gl{A E iY E ) iq 

— (3A^g A.£) P AjjpYe + A^q A^p Ae p Ye + SA^qE Y^)iq 

— (A E nY E )uTr(A E iA E n) - 3(EA D mY D - EA Em Y E ) im 
+%A D nD t Y D ) in - 6(A D nYSAUA^m) in + 6(A D nY5) u Tr(A Dl A D n) 
+3{A Dq YuY{jY D ) lq + 3{A Dq A^ Dm A Dm Y D ) lq \ 

+ (A B *=)ij[y5i + y52 + ^ghi] (32) 

(Wtv 2 ) 2 /3^ Dkhj = (A D ,)y{(y & + gff 2 )(A^ A^ + {Qgl + \gl)[D kl + Tr(A D *A^ )] 
-2{Y D DY D + Y D TY D ) lk - (GY D A Dk A* D pY D ) 
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-2(D)i k Tr{E + 3D) + 4(A t c/m ) ; „(A c/m ) fch rr(A I3ft Al 3 „) 
-(2Yj J A t DP A DP YB + 4A V ™ bA\j m ) kl - ±(\\j m A.up\\j P \ um ) lk 
~2Tr{A t Dk A* Dl {D + T) + J^ Dl K Dk ^ Dq K Dq ) 

-Tr(6A D ,At, 5 A Dfc A^ + 2A E *\\ q \ Dk tf Dl + 2£A Dfe A^) 
-2(YlK t Dk h* EP Y E ) lv - (6Y^ Dl A D pY^ + 2Y^ Dk A E pY;) kp 
-2(A\ Jn A uh ) lk [Tr(Al Jll A un ) + 2(f) hn ]} 

+ pl[(DA t Dk + 2TA t Dk ) ]l + (A D i,Aj, l Ai ) .)«] - 2(D a A«,»)i< 

— {DA t D k)jiTr{E + 3D) - 2(T 2 A t Dk ) ji - 3{TA t Djk ) Jt Tr{T) 
-2(A D jcA^ p A D m) i;/ [(£>) m p + (At7«A^«,) pm +Tr(A^ m A DP )] 

— [A D fc A^ m (EAd™ +3A Dq A' < Dq A D m + A B , A*,,A D m)]y 
-(>c)jp(3A I , fc A^ p A Dm y3 + A Dfc A^ p A Bm yB)i m - 2(Y D Aj 7 , A^Y^A^fc)^ 
-2(yx,) jm (yjjA«, fc )pirr(Aj, ra Ai,p) - (y u ) ip (y t fA«,»)niTr(A^ p A u ») 

— (A£>*yD)»p(3A£)pA£)Tri Yb + ADpAjjm YE)j m 

+ (Y D ) jk {-(^gj - Wg 2 3 )(A Dq Y D ) iq + \gi(A Eq Y E ) lq 
o o 

AdpAdpYe + A B q A EP A BP Y E + 3Apj 9 i? Y E 
-3A Dq Y£Y*Y D - 3A Dq A^ Dm A D mY D ) iq + (A t E nY E )uTr(A E iA E n) 
+3\EA D mY D . - EA E mY E ] im - [9A D »I>*y£ 
-6Ax,»y^A^mAjrm]i„ - 6(A Dn Yo) tl Tr(A t Dl A t Dn )} 

, . . r 287 4 16 4 15 4 22 22 8 2 2i 

+{A Dk )ij[— 9x - —g 3 + —g 2 + 9i92 + 8g 3 g 2 + gff 3 5ij 
+(A Dq A^ Dq A Dk ) ij (16gl - pi) + pi(EA Dk 

+A Eq A Eq A Dk )ij - (2E 2 A Dk - 3A D n A^Adp A^A^)^ 
-(Y E A Dk ) nj (Y E ) im Tr(A Em A E n) - (A Em A En A Dk ) lJ [(2E) mn 
+Tr(A Em A E n)] - (EA Dk ) tJ Tr(E + 3D) 

— {Y E ) in {3A t Dk A En A DP Yd + A* oAi A+, n A B p Y E ) jp + (Y E A Dk ) nj (3A E nA* DP Y D 
+A E nA E pY E )i P - (A^A^SAsn +3A t Dk A En A D pA 1; DP A E n 
+A i Dk A En A E pA EP A E n) j i - 6(A D ™ A^„ A D fc)ij [(D) mn + Tr(A Dm A D ~) 
+{A uq A\j q ) nm ] - 3{A t Dk A* Dn DA t Dn + A^A^TA^fe (33) 

(l^ 2 fpf^ )jk = -(fgl + ^KA^A^A^iy + (6gl + ^(A^Tr^A^,) 

-(6gi + \gl){DA vi ) kj - 2{A ui Y D DY D ) jk - 2(A ui Y D .TY D ) jk 
o 

+2Tr(S + 3Z?)[(A [7l £>) fcj - (A ui D) jk ]+2(Y D .A* DP A D pY D \A ui ) kj 
-2(A u ,) iI Tr(A*,»Al,, (D + T) + A^ ; A Dfc A^, A D ,) 
-(A ui ) jl Tr(6Ai,«Aj„A I ,*Aj )I + 2A B , A*,, A^A^ + 2£A Dfc A^) 
-(6A u( y^A«, fc Aj,,yD + AyiYpA^k A* EP Y E ) j P 
+4(A U mDA\ /m A U i) kj - 4(A c/t A^ m ) fen (A i7m ) jh rr(A D » 1 At 3 „) 
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+4(A U iA t um ) jn (A U m) kh Tr{A D hA t Dn ) - A{A u% A\ Jm A U pA\ JV A um ) jk 
-2(A c/t A^A c/ft )ife(^[AU A ^] + 2^™) - {^AGYhA^ADvYZ 
+2Y D A^ k A EP Y^) kp + + ^gl)(\u<AU A u*)ik 

+2(A ui Y D .DY D ) kj + 2{A ui Y D .TY D ) ki - 2{Y D .A* i I3P A D pY D \A ui ) jk 
-2(A u ,) Ifc Tr(A|,jAI„(D + T) + Aj )I A Di AL«AD«) 
-(AyOifc^AcA^A^A^ +2AB«A^,A Di Aj, I +2BA Dj A^i) 
-4(A c/m £)Aj 7m A i7 ,) jfc + 4(A c/s Aj 7m A i7 pAj 7P A C /™) fcj 
+2(A [7i F 2 t A* D3 -A^y E ) fcp - (A^MGY^A^AdpY^, 
+2Y^ Dj A E vY^) jv + 2{A ui A\ jn A uh ) kj [Tr{A^ uh A U n) + 2{f) hn ] 

+(6A u >Y Cl A t DJ A D . P Y D ) kp + (A u i) ifc {(| S i - ^ 5 ?)Tr(A D . l Aj /! ) 

+(6*72 - |ffi)(T)M - 2(F ( tTy [7 + ytDFy + ^A^A^^Jk 
-GfuTriT) - 4(A^ A c , i ) hm Tr(Ai, m A Dh ) - 4Tr(A l7 , A^, Ae/p A^) 
— 4Tr(A^. ; Ajj.D)} + (A^hffft + f <?i + ^sfsij (34) 
The renormalisation equations for the bilinear terms can be written as: 

j t H = /9„ = M { 7 f J + 7f } + kS£ (35) 

= fc4 = «: l 7 ^ 2 2 + k p 7l; + ^7^1 (36) 
The two loop bilinear /^-functions are given by: 



(16tt 2 ) 2 ^ 2) = (16tt 2 ) 2 P^ rpc) + fi[-Tr(3EA Dq A* D q + EA m A Eq + QDA^Au, + 3DA t Dq A" Dq ) 

— (E)i m Tr(A Em A E i) — &{b) mv Tr{A ] DV A Dm ) 
—Tr(3TA t Dq A* D q) - 3T lp Tr{A\ JP A u i)\ 

- 16g 2 3 )(A Dq Y D ) iq - pl{A* Eq Y E ) iq - {3A El A DP A DP Y E )u 

~(A e1 AepA ep Y e + 3A El EY E )u - (A EP Ye ) a Tr ( A^, Aep ) 

-^A^Yd - E* A* Em Y E )i m + 9(A* DP DY D ) ip 

— 6(Aj3p YoAjj™ Au™ )i P + 6(A* D pY D )uTr{A Dl A DP ) + 3{A* Dl TY D ) a 

+3(A* D ,A t D mA* D mY D ) il ]. (37) 

(l 67 r 2 ) 2 ^ = K\^ g t+ 2 ^gt+lglgl) + {l&gi + \gl)Tr{T) 

—Tr(9TT + 3TD) - 3Tr(TA t Dg A* Dq ) - 3T lp Tr{A\ JP A u i)} 
+ K p {(16 5 | - Ig^iAD.A^p + ^g 2 (E + A E iA Eq ) ip - 2(E 2 ) lp 
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-{Y E ) kp {Y E ) u Tr{A El A Ek ) -2{A El A Ek ) ip {E) lk - E ip Tr{E + 3D) 
-{A Ek EA Ek ) pi - (A El A Ek ) ip Tr(A E ,A Ek ) - (Y E ) ik (3A Ek A Dq Y D 
+A Ek A E iY E ) P q + {Y E ) kp (3A Ek A* Dq Y D + A Ek A* Eq Y E ) iq 
-(SA^A^A^Ab* + A Ek A E «A Eq A Ek ) pi - G{A Dl A^ Dk ) lp [{D) lk 
+Tr{A' i Dl A Dk ) + {A m A\ jq ) k i\ - 3(A* Dk DA t Dk + A^TA' Dfe ) pi 

-3(A Dfe A^A D ,At Jfe ) ip } + ^{{Igl - l6g 2 3 )(A m Y D ) iq - pi(A E ,Y E ) iq 

~{3A i En A' D pA t DP Y E + A%n A EP A EP Y E + 3A t E nE t Y E ) in 
-3(EA D mY D - EA E mY E ) im + 3(A C n A*,™ Acm^)™ 
-6(A Dq Y^A um A um ) lq - (A Eq Y E )uTr(A E iA Eq ) 

+Q{A Dq Y E )uTr{A* Dl A t Dq ) + 3(A D n YuYuY E )i n + 9(A D <, D^d)^}. (38) 



4.1 Soft Supersymmetry Breaking equations 

A precise study of the renormalization group equations must include R-parity violating 
terms because they have direct and indirect effects on the mass-matrix, and on other 
couplings of the MSSM lagrangian. R-parity violating couplings allow the generation 
of lepton-Higgs mixing that results in sneutrino vevs and neutrino masses. By using 
the method that has been introduced in equations, the RGEs for the bilinear and 
trilinear soft SUSY breaking terms in R-parity violating scenario can be obtained. 
They are given by: 



(16ti- 2 ) 2 /4 2) = (16tt 2 ) 2 /4 2) +B{-Tr(3EA Dq A t Dq +EA Eq A Eq +6DAl rq A uq 

+3DA t Dq A' Dq ) - E lm Tr(A Em A E ,) - Q{b) mp Tr{A ] DP A D m) 
-3Tr(TA D qA* D q) - 3(T)i p Tr{A\ JP A ul )} 

+D l {(^g 2 - l&gl)(A* Dq Y D ) lq - pl(A Eq Y E U - {3A El A DP A DP Y E 
+A e1 A E pA ep Y e + 3A El EY E )u - (A EP Y E ) u Tr(A El A EP ) 

-3(£'A^„,Y D - E^EmY^im + 9{A* DP DY D ) ip 

-&{A , DP Y D A ] um A um ) w + Q{A* DP Y D )uTr{A Dl A^ DP ) + 3(A* Dl TY D ) u 

+3{A* D iA t Dm A* Dm Y D ) il } - 2fi{Tr(3h E Y E A D < 1 A' l Dq + h E Y E A E iA Eq ) 

+Tr{6Y^h D Al Jq A uq + 3h D YlA t Dq A* Dq ) + 6(y^/i D ) np Tr(At, p A D n) 

+Tr(Eh Eq A Eq ) + {E) ln Tr{A En h E i) +Tr{<obA\j q hm) 

+Tr{3Eh D iA t Dq + 3Dh t Dq A* Dq ) + 6(£»)„ p Tr(At, I) /i D n) 

+Tr(3huY^ A* D9 A* Dq ) + (Y E h E ) ln Tr{A En A El )+3(Y? J h u )i p Tr{A\ JP A u i) 

+3{t) lp Tr{A\ Jp h u i)+Tr(3Th t Dq A D . q )} 

-2k z {(^M i9 2 - IGMzgl^A^Yo)^ - &(A* Dq YD)aTr{h D iA' { Dq ) 

- ( ^M 1 gl(A* Eq Y E ) lq + (I65 2 - ^g 2 )(A* Dq h D ) iq + ^g 2 (A* Eq h E ) iq 
+(3A El A DP A t DP h E + A El A EP A EP h E + 3A E ,h E E + 3A El Eh E ) u 
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+(A^h B )«Tr(A^A B «) + 3{Y£h E A D mY D - YeK^Ae^Ye 
- E* A* Em h E ) im - 3(A^, huY^Y D ) u — 3(A* D ih t D mA* D mYi))ii 
-%A* Dq h D D + A* Dq Dh D ) iq + (A Eq Y B )uTr {A El h E ») 
+6(A* Dq hoA\j m Ajjm ) iq - 6{A* Dq h D ) u Tr{A D iA' i Dq ) 
—3(A* D iA t Dm A* Dm hD)a + (A El h E p A EP Y B )u + 3(E t A* Dm hD)im 
+6(A Dq Y D A\ Jm h U r n ) lq + 3{A El h D pA^ p Y E )u - 3(A* D ,Th D )u} (39) 

(leyr 2 ) 2 ^ 2 ] = B{{\g\ - l&g 2 3 ){A D9 Y D ) iq - \gl{A E «Y E ) iq - {3A En A DP A DP Y E 
u 5 5 

+A t B „A^A^ ) l^ + 3A' B „£*y^) in - (A* B< , y^)«Tr (A^.AJ..) 
-3(EA D mY D - EA E mY E ) im + 9 ( A D , D J ) 4 , 

+3(A D nAt, m A J3 my^) i „} + D l {{16gj - \gl){A Dq A^ Dq ) a 

o 

+ \gl{E + A E iA Eq )u + {Y E ) q i(3A E oA* D pY D + A Eq A EP Y E ) ip 

-(Y E ) ql (Y E ) in Tr{A En A Eq ) - 2(A B »A^)ii(^)«« 
-{A E ™A Eq ) u Tr{A En A Eq ) - (E)uTr(E + 3D) 
~(Y E h q (3A Eq A D pY D + A Eq AEpY E )i P - 2{E 2 ) U 
-(A Eq EA E i +3A Eq A D pA t DP A E <i + A Eq AepA ep Aei)u 
-Q{A D nA ] Dq )u[{b) nq + Tr(A^ n A Dq ) + (A(,»4 m ),„] 
-3(A Dq DA Dq +A* Dq TA t Dq ) H - 3{A Dq tf DP A D ptf Dq )u} 

+^{(y at + ^gt + \glgl) + (16 S 2 + \gl)Tr{T) 

—Tr(9T 2 + 3TD + 3TA t Dq A* Dq ) 

907 

-3(f ) iq Tr(A t c/g A [ ,0} - 2K l {15M 2ff | + -^-M^ 

+ |(Mi + M 2 ) 5l 2 5 2 + (16M 3 <? 2 + ^M lffl 2 )Tr(T) 
5 5 

-(16<?3 + pl)Tr{h v Yi) + Tr(9huYyT + 3h v Y^D 

+3h u Y^A t Dq A D , q +9ThuY^) + 3(Y^h u ) lq Tr(Al Jq A ul ) 
+Tr{3Th D Y D ) + 3(f)i q Tr{A\ ]q h u i) +Tr(3Th t Dq A* Dq )} 

-2^{(^Mi 5 2 - lQM z gl){A Dq Y E ) lq - ^(MiA^Y^ - h E <,Y E ) iq 

+(16 5 f - pl){h Dq Y E ) lq + {3A t E nY E h t E Y^) in - 3(A D nY£hhYZ) in 
+3(h E Y E A Dm Y D - h E Y E A Em Y^) im - ^Ao^h^Y^ 

+3hEnE t Y E ) in + (h Eq Y E )uTr(A El A Eq ) + {A Eq Y E ) a Tr{h El A Eq ) 

— 3(EhE m YE)im + 6(Al)9 Yjjhirm Aijm)i q + 3{A E nA* D ph t D pYE)in 

+3{Eh D mY D .) irn - 9{h Dq D t Y D ) tq + &{h Dq Y E A t um A* U r n ) iq 
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-6(h Dq Y5)uTr(A' Dl A t Dq ) - Q{A Dq Y^) u Tr{A* Dl h t Dq ) 
-3{Y D Th D n) ni - 3{h D nA^ Dm A D mY D + A D nA Dm h D mY^) in } 

-2 K l {(16M 3 g% ~ ^M ig ()(A Dq A^ q ) u + |m i9 ?(B + Ae*AU)u 

+2(h E Y E E + EHeY^u + (h E Y^) a Tr(E + 3D) 
+{Y E ) ql {h E ) in Tr(A En A Eq ) + 2(A E nA Eq ) u (Y E h E ) nq 
+(E)nTr(h E Y E ) + (h E ) iq (3A Eq A D pY D + A Eq A EP Y E ) lp 
~{Y E )qi (A E qA* EP h E )i P + {A Eq h E Y E A Eq )n + 3(Ao<j huYjjA E . q )u 
+{E)uTr(3h D Y^ - 3(Y E ) lq (A Eq A* DP h D ) lp 
+6{A D ntf Dq ) u (Y D .h D ) nq + 3{A D . q h D Y D .A t Dq ) H 

+2{h E nA Eq ) u {E) nq + (h E n A Eq )nTr(A En A E q ) + (As» A^,, )uTr{A En h Eq ) 
+ (iE)i 9 ( A L /l BpyE); P - {Y E ) q i{3h E iA* DP Y D + h Eq A* EP Y E ) lp 
+(A Eq Eh E q +3A Eq ADpA^ DP h E q + A Eq h EP A EP A Eq + A E „ A E pA EP h E i)u 
+6(A D „A j: Dq ) i i(h um Al rm ) q „ + 3{Y E ) iq (A Eq h D pY D .) lp + 3{A Eq h D vA^ DP A E q)ii 
+6(h D ^A Dq ) u [(D) nq + Tr(A Dn A Dq ) + (A um A^ m ),„] 
+6{A D nA D . q ) il Tr(A i D . n h D <>) + 3{A* Dq Dh t E)q + A^Th^u 
+3(A Dq A i DP h DP A Dq + h Dq A DP A DP A ji Dq ) i i + (Y E ) ql {Y E ) in Tr(A E „h Eq )} (40) 

(167r 2 ) 2 ^ } E)i . = (^ 2 fp$ E){Rpc) + {h E ) l3 {{l&gt - \gl){^^ Dq )u + f 9?(A B , Ak,)« 

-(y2)mi(^)wrr(A^A B m) - 2(A B nA| 5m )i ( (£:) nm 
— (A E nA Em )uTr(A E nA E m ) + (yB)ig(3A B9 AoP Yd +A e <,A ep Y E ) ip 
-(Y E ) iq (3A Eq A op Y"j5 + A^ g A E pY^); p — (A^SAfiq + 3A^,, A DP A]j P A Eq 
+A Eq A E pA EP A Eq ) u -6(A D nA+, m ) ii [Z) nrrl +Tr(A| 3n A D m) 
+(A^«A^,) mn ] - 3(Ao 9 DAi, g + A'uqTAa^u - 3(A D , A^AdpA]^);;} 
-(/i B ) lJ {Tr(3SA Dg At„ + £A E , ! Aj sg + 61^, Ay, + 3£>A* D9 A^) 
6(D) ig Tr(A^A Dl )} 

+(M«{(3fl2 - | S ?)Tr(A B iA^,) 

-2{Y E A E nA En Y E + 3Y e Ad™ A^ Dn Y E )ij + 6(Y E A E3 A* D mY D ) lm 
-2{Y E A Ei A Em Y E ) lm - 2Tr(A Ej A El E) 

-2Tr{A Ej A El A E nA En ) ~ 6Tr(A Ej A El A D nA Dn ) + &{Y D A Dm A El Y E ) mj 
-2(Y E A Em A El Y E ) mj ] + (fc BJ )«{(|«/? - 16gl)(Ah q Y D ) lq - pl(A* Eq Y E ) lq 
-3{A Ek A D pA^ DP Y E )i k - {A Ek A E pA EP Y E )i k - 3(A Ek EY E ) lk 
-{A Eq Y E ) ln Tr(A En A Eq ) - 3{E t A D . m Y D - E l A* Em Y E ) lm + 9{A* Dq DY D ) lq 
-&{A* Dq Y D A\j m A um )i q + 6{A* Dq Y D ) ln Tr (A D nA^) + 3{A* Dk TY n )ik 

+3(A* Dk A t D mA* D mY D )i k } - 2(Y E ) l3 {(l6M 3 gl - |mi S 2 )(A d<! A^,^ 

o 
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+-^M 1 g 2 (A Eq A Eq ) a - (I652 - gfli)(ftD«A|j g )ii - -^(^A^,);; 

+(yl) 9! (ftB)i„rr(At, n A B , ) + 2(A B " A*,, )« (Y E h E ) nq 
+(h E ) iq (3A Eq A DP Y D \ + A Eq A E pY E ) lp - (Y E ) lq (A Eq A* EP h E ) ip 
-3(Y E )i q (A E <iA* DP hD)i P + 6(A D nA i Dg ) i i(Y^hD)„ q + 3(A* Dq hDY^A t Dq ) li 
+(A Eq h E Y E A E <,) li +3(A* Dq h u Y^A t Dq )ii + (h E nA Eq )uTr(A En A Eq ) 
+(Y E ) q i (Y E ) ln Tr(A En h Eq ) + 2(h E n A Eq ) a {E) nq 

+(A E nA Eq )uTr(A E nh E <,) + (Y E ) lq (A Eq h EP Y E )i p - {Y£) lq (3h E <,A* DP Y D 
+h Eq A* EP Y E )i V + (A Eq Eh Eq )u + 3{A Eq A DP A^ DP h Eq ) u 
+(A Eq h EP A EP A Eq + A Eq A EP A EP h Eq )u + 6(A D -A^ g )«(ft C /'"A^ m )q„ 
+3(Y E ) lq (A Eq h DP Y D ) lp + 3(A Eq h D pA D . p A Eq ) li + &{h D ^A^ Dq ) u [{b) nq 
+Tr(A t Dn A Dq ) + (Ac».A|, m ), n ] + 6(A D »A| 3!I ) i jTr(Aj, n /ir.<i) + 3{A* Dq Dh^u 
+3(A* Dq Th t Dq ) u + 3{A Dq A' i DP h DP A' i Dq + h Dq A' i DP A DP A' i Dq ) i i} 
—2(Y E )ij{Tr(3h E Y E AD q A]j q + h E Y E A Eq A Eq ) + 6(D)i q Tr(A\ }q h D i) 
+QTr(Y D .h D Al q A lJq ) + 3Tr(h D Y D .A t Dq A* Dq ) + (Y E h E ) mn Tr(A En A E m) 
+6(Y D .h D )i q Tr(A t Dq A Dl ) + Tr(Eh E <,A Eq ) + {E) mn Tr(A En h E m) 
+6Tr(DAlj q h uq ) + 3Tr(Eh Dq A t Dq +Dh t Dq A* Dq )} 

-2{Y E ) a {{3M 2 gl - ^M ig l)Tr(A E3 A^,) + - 3gt)Tr{h E3 A^) 

+6(y|AD<.Aj,,h B )y + 2(y|A E3 - A|, m /iB) lm + 2Tr(A Ei A El h E Y E ) 
-&{YlA Dm A El h E ) mj + 2(Y E A Em A El h E ) mj 
+2{Y E h Eq A Eq Y E ) l3 - 6(Y E h E jA* D mYn)i m + 2{Y E h Ei A Em Y E ) lm 
+2Tr[h EJ A El (E + A Eq A Eq )] + 6Tr (h EJ A E , A Dt A*,, ) + 2Tr(A E j A E , h Eq A Eq ) 
+2(y^ B mA^,y B ) m ,- +6(yi/i D ,A^y B )y +6Tr(A f53 At ; ^ D9 At 59 ) 
-6(y^* D mA^y B ) mj - +2(y^A B9 At 55 /i B ) i; i -6(yiA^Aom/ii3)i m } 

-2(A B< )«{(|Mi ff ? - 16M 353 2 )(Ao,y I3 ) i , - |A/ l5 ?(A^y B ) !g 

2 6 
+(!653 - -^9\){^*D q h D )i q + -gl{A* Eq h E )i q - 6(A* Dq h D )i n Tr(A D nA^ Dq ) 

+3(A Ek A DP A t DP h E + A Ek h E Y E Y E + A Ek Eh E )i k 
+(A Ek A EP A EP h E )i k + (A Eq h E )i n Tr(A En A Eq ) + 3(Y E h E A* Dm Y D )i m 

—3(Y E h E A* E mY E + E t A E mh E )im - 3(A* Dk huY^Y D ) lk 
-9{A* Dq h D D + A* Dq Dh D ) lq + &(A* Dq h D A\j m A um )i q 
-3{A* Dk Th D )i k - 3{A* L)k A t Dm A* Dm h D ) lk + (A Ek h EP A EP Y E ) lk 
+{A Eq Y E ) ln Tr{A En h Eq ) + 6(A* Dq Y D Alj m h um )i q + {A Ek h DP tf DP Y E ) lk 
-G(A Dq Y D )i n Tr{h D nA^ q ) - 3(A D . k h t Dm A D . m Y D ) lk + 3{E l A* Dm h D ) lm } (41) 

(16n 2 ) 2 ^ Dhj = (Wn 2 ) 2 ^ D)(Rpc) + (My{|<?i 2 (Al,A D ,)« - 2{tf Dn A Dm ) u [{b) mn + (A^A^) 

+Tr(A\ Dm A D n)] - (At )m SAcm) (i -3(At )m Ac< ! At )<! Acm)( i 
-(A^AB^A^Aom)^ - 3{Y D ) in {A^ Dn A Dm Y D \) lm - (Y D ) in (A D . n A E mY E ) lrn 
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-2(Y D Kl q K uq Yl)u - 2(Y D ) im {Y D ) nl Tr(A Dm A D n) 
-(Y5), n (3A t D nAhmY D + AUAe^Ye)^ - (Xu) in (Y^) q ,Tr(Al„ A m )} 
- {h D )ij {3Tr{DA t Dq A* Dq ) + 3Tr (EA D <, A*,, ) + Tr{EA Eq A Eq ) 
+6Tr(DA\ jq A u < 1 ) + (E) mn Tr(A En A E m) + 6(D) nq Tr{A^ q A D n)} 

+(M«{(y gl + ^(Au.A^t + {Ggl + lgl)Tr{A Di A Dl ) 
^{YhA^AovY^ji -2Tr[A Dj A Dl {D + T)]-2Tr{A Dl A Dj A Dq A Dq ) 
-6Tr(A Dq A Dq A Dj A Dl ) - 2Tr(A B .A^, A Di A*,,) - 2Tr(EA Dj A* Dl ) 
-4(A [ /™I>Aj 7m ) J -i -4(A^ m A [ 7pAj 7P A (7 m) b +4(At, m )ig(A(7m) jn Tr(A D nAtj 3 ) 
-6(Y D A Dj A* D vY D ) lp - 2{YlA t D] K E vY E ) lp - 6(Y^A Dl A DP Y D ) jp 
-2(Y^ Dl A EP Y;) jp - 2{tf uq A U n) lj \Tr{A\ jn A uq ) + 2{f) nq ]} 

2 6 
~{h Dj )u{{-gl - 16gl)(A* Dq Y D ) lq - -gl{A Eq Y E )i q 
o o 

-3(A Ek A DP A 1 DP Y E )i k - 3(A Ek EY E ) lk - (A Ek AEpA EP Y E )ik 
-{A Eq Y E ) ln Tr(A En A Eq ) - 3{E t A* D mY D - E<A^ m y s ) im 
+9(Ah q DY D )i q - 6(Ah q Y D Al m A um ) lq + 6(A* Dq YD)i n Tr(A D r,A t Dq ) 
+3(A* Dk TY D ) lk + 3{A* E)k A t Dm A* Dm Y D ) lk } 

A Dq )u - (A* Dq h Dq )u] + (A\j m hEY E A D m) H 

o 

+{Y^) ln {A t D nA* E mh E )i rn + (h u ) ln (Y^) ql Tr{Al Jn A uq ) 
+2(A Dn A Dm ) u{Y^h D ) mn + 3(h D )in(A D .„A D mY D .) lm 

+{h D )in{A D . n A E 'nY E ) lrn + 2(h D A\ jq A uq Y D .) il + 2{h D ) lrn (Y D ) nl Tr{A t Dm A D ^) 
+3{Y D .) ln {A t D nA* Dm h D )im. + (A^/tB^^ADm),, + {Y D ) in (A\ 3n hEmY E )im 
+2{A ] Dn A Dm )u{hmA\j q ) nm + 2{Y D A\ Jq h uq Y^ D ) il + (Yu), n (Y^) ql Tr{Alj n h uq ) 
+2(A D . n h D ™)ii[{D) rnn + (A uq A\j q ) nrn + Tr(A^ m A D n)] 
+2(A^ Dn A D m) li Tr{A\ 3m h D n) + {A^Eho^n + (Y^inih^nA^mYE^m 
+3{A ] Dm h D iA^ Dq A D m) H + 3(A D . m A Dq A D . q h D ™)u + (A^ m A E i A Eq h D m) H 
+3(Y D ) in {A\ 3n h D mY5) lm + 2{Y D ) im {Yl ) n iTr(A* Dm h D n) + 3{Y D .) ln {h t D .nA D . m Y D ) im } 
-2{Y D ) ij {3Tr{h E Y E A Dq A^ Dq )+Tr{h E Y E A Eq A Eq ) + (Y E h E ) mn Tr {A E mA En ) 
+6Tr(Y D h D Al q A uq ) + 3Tr{h D Y D A Dq A Dq ) + 6(Y D h D ) lq Tr{A Dq A Dl ) 
+Tr(Eh Eq A Eq ) + {E) mn Tr{A En h E m) + 6Tr(DA\ jq h U i) 
+3Tr{Eh Dq A Dq ) + 3Tr{Dh t Dq A* Dq ) + 6(D) lq Tr{A^ q h D i)} 

-2(Y D ) a {(^M 3 g 2 3 + ^M lff ?)(A^ A^)^ 

-(ySs + ^5i 2 )(^A^) 3 , + (6M 252 2 + ^M l9 l)Tr{A D3 A*,,) 

-(652 + ^gl)Tr{h Dj tf Dl ) + 2Tr(h E Y E A D3 A Dl ) + 2{Y D ,A t D] A EP h E ) lp 

+2Tr{A t DJ A* Dl h u Y^ J )+A{A\ jq A un ) lj (Ylh u ) nq 
+2{h t D A DP A DP Y£) jl + 2Tr{A t Dj A* Dl h D Y D ) + 4(A C /".y> D A t c/m ) ji 
+6(Y D A Dj A* DP h D ) lp + 6(h t D A ] Dl A D pY D \) ]p + 2{h D A Dl A EP Y E ) jp 
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+2Tr{h Eq A Eq A DJ A^ Dl ) + 2{Y D A^ Dl h EP Y E ) w + 4{h um DA^)^ 
+4(Al rm h U pA t UP A um )i j + 4(Aj 7 „ l A [ /pA[ 7P fei 7 ™) ij - 

+2(Aj 7 , h V n )i,Tr(A^ n A m ) + 4(Aj 7 , h V n ) h (f) nq + 2(Aj 7 , A V n ^T^A^hm ) 
+2(Y D A DP h D pY D .) jl + 2Tr{h t Dj A* Dl D) + 2Tr(h D] A* Dl T) 
+6Tr{h Dq A Dq A Dj A Dl )+6Tr(A Dq A Dq h Dj A Dl ) + 2Tr(A Eq A Eq h Dj Al, 
+Eh D] A i Dl ) - 4(A] jm ) lq {A U m) jn Tr{h D nA' i Dq ) + 6(F> t D3 A* DP Y D ) lp 
+2(Y D h t DJ A EP Y E ) lp + 6(Y D A Dl h D pY^,) jp + 2Tr(A t Dl h D3 A^ Dq A Dq ) 
+2Tr(Al l A D .,A^ g h Dq ) - 4{A\ jm ) lq {h um ) jn Tr{A D n A^,)} 

+2(A D i) K {(|Mi S ? - 16M 39 i)(Ai,Yi,),, - ^Mi^A^Ye)^ 

2 6 
+(16^3 - -gf)(A* Dq h D )i q + -gt(A Eq h E )i q + 3(A Eq A D pA ] DP h E )i q 

+(A Eq A EP A EP h E ) lq + 3(A Eq h E E + A Eq Eh E ) iq 
+{A Eg h E )i„Tr(A En A E < I ) - 3(A* Dq huY^Yo + A^h^A*^ Y D ) lq 
+3{Y E h E A* Dm Y D - Y E h% A* E m Y E - E^^h^im 
+3(E t A" D ™h D )i m - 9(A* Dq h D D + A* Dq Dh D )i q 
+6(A D . q h D A t um A um ) tq - Q{A* Dq h D )i n Tr{A D nA 1 Dq ) - 3{A* Dq Th D ) lq 
^(A^A^A^M;? + (A Eq h EP A EP Y E )i q + (A Eq Y E ) ln Tr(A E „h Eq ) 
+6(A* Dq Y D A\j m hum)i q + 3(A Eq h D pA ] DP Y E ) lq - Q{A* Dq Y D ) ln Tr(h D ~A Dq )} 

+{hu)u{{\gl - ^ai)Tr (A^A^) - 4Tr(A vj A^ A^ A*,,) 

-4Tr(A| j! A [73 L')} + (hu^ipliA^Ao^u - (A Dm EA D m) H 

-2{A^ Dn A Dm )u[(b) m n + {A uq Alj q ) nm + Tr(A ] Dm A D ~)] 
-3{A Dm A Dq A D „A Dm ) u - (A^ m A J 5<jA^,A c ™) ;i - {Y D ) ln (3A^ Dn 
+A Dn A E mY£) lm - 2(Y D A t uq A uq Y I l)a - 2{Y D ) lm {Yl) nl Tr{A^ Dm A D r.) 
-{Y D ) ln (3A D nA D mY D +A D nA% m Y E ) im - {Y v ) ln {Yl) ql Tr{Al n A uq )} 
-{h u ) l] {3Tr(JA t Dq A* Dq ) + 3fi q Tr{Al q A ul )} 

-2(Yu)u{(lM 3 g 2 3 - ^M l5l 2 )Tr(A c/J A^) + {±gf - ^gt)Tr(h U3 A*,,) 

+2(Y^A Dm A Dm hu)ij + 4Tr(A J, u ,A U3 Y ! lh D ) +4(A t c/1 ft c/J ) nm Tr (A^Ad-) 
+ATr(h UJ Ay i A U pAl P )+4Tr{A UJ Ay i h U pAl rP )+4Tr(A' l ul h UJ D) 
+2(Y^h t Dm A* D mYu)i J :+4(Al Jl A U j) n mTr{A J i Dm hDn)} 

-2(Fc)y{|Mi ff ?(At, g A D9 )H - \gl{^mhD«)u 
+{A D . m h E Y E A D m) li + {Y E ) ln {A t Dn A Em h E ) lm 
+(hu)in(Y^) qi Tr (Al n A uq ) + 2(A D . n A D m) li (Y D .h D ) m „ 

+ {tl D )in{3A D . n A D mY D + A^ Dn A E mY E ) 

1-771 

+ 2(h D Al q A uq Y i y)u 
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+2(h D ) im (Y^) n iTr{A\ 3m A D n) + 3(Y5) ln {A i D nAD<nh D )i m 
+( Y D)in(A t Dn h E ™YE)im + 2(A*, n A D m ) H (hui A\, q ) nm + 2(Yd A\, q h V i Y^) a 
H Y u)in{Y^) q iTr{A\j n h uq ) + (A^/i B ,A^A cm ) K 
+2(A t Dn h Dm ) li [(D) mn + (A uq A\j q ) nm + Tr{A^ Dm A D n)] 
+2(A D . n A Dm ) li Tr(A D . m h D n) + (A^ Dm Eh Dm ) u + 3(A|, m /ir.<iAj„ 
+3(A t Dm A Dq A^ho^n + {A\ 3m A E ',Al ;q hDm)i i + 3(Y D )i n (A t Dn hDmYo)im 
+2(Y D ) lm (Y^) nl Tr(A t Dm h Dn ) + 3(Y5) ln (h t Dn A* Dm Y D ) lm 

+(yi5)!n(^™AE m y E ) im }-6(ya) lJ {(f')i 9 rr(A t c/ ,ft i7 o + rr(r/ii ) ,AB 5 ) 

+Tr(huY^A* Dt A* m ) + (Y^hu) lq Tr (A^A^)} (43) 

( 167r2 ) 2 ^ ) E ,)„ = (Vk{(6ff 2 2 - \gl){E)ik + (3gl - pl)Tr{A Ek A El ) 
-2(E 2 + Y E A Eq A Eq Y E + 3Y E A Dq A^ q Y E ) lk 
-2(E) lk Tr(E + 3D) + 2(3Y E A Ek A* D .mY D 
-Y E A Ek A Em Y E ) lm - 2Tr[A Ek A El (E + A E <,A Eq + 3A D9 A^ g )] 

+2{3YlA t Dm A f El Y E - Y e Ae™ A^ El YE)mk} 

+{hE)ik{{^gl - 16gl){A Dq Y D ) jq + 6(A Dq Y^) jl Tr(A Dl A t Dq ) 



-(SA Eq 

-(Y E A Eq )ijTr(A Eq A E i) - 3{EA Dm Y D - EA E mY E ) 



jm 



+9(A D ,D*Y5) jq - Q{A m Y^A\j m A* um ) jq - \gl(KmY£) jq 

o 

+3(A C<I YtY$Y5) jq + 3(A D ,A^ Dm A D mY D ) jq } 

+ (h Ek ) lj {(16g 2 - pl^Ao.A^a + pl{E + Aei A Eq )u 

-2{E 2 ) U - (Y^) nl (Y E ) im Tr(A Em A E n) - 2(A Em A En ) u (E) mn 
-(A E mA En )uTr(A Em A E n) - (E) u Tr(E + 3D) 
-(Y E ) in (3A En A D pY^ + A En A EP Y E ) lp + {Y E ) ln {3A E n A* DP Y D 
+A E nA EP Y E )i P - {A En EA E n +3A En A DP A^ DP A E ~ + A En A EP A EP A E n 
-6(A D mA^ n ) a [(£») mTO + rr(A^ m A D n) + (Ay 9 A^) nm ] 
-3(Ao re DAi,„ +A* Dn TA t Dn ) u - 3(A D - A^AdpA^)^} 

- 1653)(A D9 Y3)jq - -gl{A E ?Y E ) iq 
o o 

-(3A^„Aj,pAi,,y^ + A E nA EP A EP Y E + 3A%nE t Y£) in 
-3(EA D mY^ - EA Em Y E ) lm + 9(A C , .D'Y-j;)^ 
-6(A D ,y^A t t/m A^ m ) ig + §(A Dq Y E ) l iTr(A* Dl A t Dq ) 
+3(A D nY^Y^) in +3(A D nA i Dm A D mY5) in - {A EP Y E ) a Tr{A El K EP )} 

+(ft Bfc ) 1 i{(16< ?3 2 - |ff?)(Ax,«A^,) J -, + ^<??(£ + A B ,A|,,)iJ 

-2(£ 2 ) j; - (y])„i(ys)j m rr(A| m A E n) - 2(A Bm Aj s „) ji (£)mn 
-(AjsmA^^rrJAUAjs.) - + 3D) 

-(Y E ) jn (3A En A DP Y D + A En A EP Y E ) lp + (Y E ) ln (3A E nA* DP Y D 



Hi 
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+A E nA* E pY E )j P - (A En EA E n +3A En A D pA t DP AE^ + A En A EP A EP A E n) l:j 
-6(A D mA| ?n ) ;/i [(L») mn + Tr(A^ m A D n) + (A^A^)„ m ] 
-3(Ao-DAi,„ +AcnTA^) (j - 3(A D n A^A^A^i} 

-2(A El )^{(6M 2ff2 2 - ^M ig i){E) lk + (3M 2 g\ - ^M l9 j)Tr(A Ek A El ) 

-(6ff 2 2 - yt)(Y E h E ) lk - (3gl - ^gl)Tr{h Ek A El ) + 2{Y E h E E 

+Y E Eh E + Y E A E9 A Eq h E + 3Y E A Dq A J< Dq h E )i k 
+2(Y E h E ) lk Tr(E + 3D) + 2{E) lk Tr(Y E h E ) 
+2(Y E A Ek A Em h E ) lm + 2Tr(A Ek A El h E Y E ) 
-2(^K* Dm ^ El h B -Y E A E mA El h E ) mk + 6{E) lk Tr{Y D h D ) 
+2(Y E h Ek A Em Y E ) lm - 6(Y E A Ek A Em h D ) lm + 2(Y E h Eq A Eq Y E )i k 
-6(Y E h E kA Dm Yn)i m + 2Tr(h Ek A El E) + 6Tr(h Ek A El A Dq A D . q ) 
+2Tr(h Ek A El A Eq A Eq ) + 2Tr(A E „ A E , h Eq A Eq ) + 2(Y E h E m A*,, Y E ) mk 
+6(Y E h Dq A Dq Y E ) lk + 6Tr(A Ek A El h Dq A\ 3q )-6(Y D h Dm A El Y E ) mk } 

-2(Y E ) ik {(^M 1 g 2 1 - 16M 3 gl)(A Dq Y D ) jq - ^M ig '((A Eq Y^) 3q 
o o 

2 6 
-{t9i - ^gz){h Dq Y E ) jq + -gl{h Eq Y E ) jq + {3A En Y E h E Y E ) jn 
o o 

+3{h E Y E A Dm Y D - h E Y E A E mY E ) jm - 3{A Dn Yuh t u Y^,) ]n 
-9(A D9 Y3/iDY3) 3q + 3{h t E nA* DP A t DP Y E + ti^E^)^ 

+(h t Eq Y E ) jl Tr{A t El A* Eq ) + (Y E A Eq ) l3 Tr(h El K Eq ) - 3{Eh E mY^) jm 
+Q{A Dq Yoh t lJm A* um ) ]q + 3{Eh D mY D .) jrn - Q(h Dq D t Y E ) ]q 
+Q{h Dq Y E A t lJm A* um ) ]q - Qiho^^jiTriA'^A^) - GiAooY^TriA^hU) 
-3(Y^Th* D n) nj - 3(h D ^A Dm A Dm Y E + A D ~A^ m h Dm Y D ) ]n } 

+2(Y E ) jk {dM l9 i - \QM 3 gl){A Dq Y^) iq - ^M l9 ^A Eq Y E ) tq 
5 5 

- 16g%)(h D i Yo)i q + -gl{h Eq Y E ) iq + (3A E nY E h E Y E ) irl 

+3(h E Y E A Dm Y D - h E Y E A E mY E )i m - 3{A D nY£h t u Y D \) in 
-9(A Dk Y5h D Y E ) tk + 3{ti En A* DP A t DP Y E + h^^E'Y^ 
+ {h E n AgpA^pYg + A E nA EP h EP Y E )i n + (h Ek Y E )uTr(A E iA Ek ) 
+(A t Ek Y E ) il Tr(h t E iA Ek ) - 3(Eh E mY^) im + &{A Dq Y E hu m 
+3{A En A DP h DP Y E ) in + 3{Eh D mY D ) im - 9(h D9 D*Fo)i q 
+d{h Dq Y E A t um A* um ) lq - 6(ft D9 Fo)iirr(AoiA* D9 ) - 6(A D9 Y^uTriA^hU) 
-3{h D nYuYtjY5) m - 3(h D nAt, m A D mF^ + A D nA^ m h Dm Y^) in } 

~2(A Ek )u{(WM 3 gl - ^Mi 5l 2 )(A D ,At,,) J , + ^M l9 l{E + A Eq A Eq ) 3l 

2 6 
-(I633 - gfl , i)(/iD9Aj 59 ) ;;i - -gl{h E Y E + h E <,A Eq )ji 

+2{h E Y E E + Eh E Y E ) jl + (Y E ) ql (h E ) jn Tr(A En A Eq ) 



17 



+2(K E ntf Eq ) jl {Ylh E ) nq + (h E Y E )jiTr(E + 3D) 
+(E) jl Tr(h E Y E ) + (h E ) jq (3A Eq A DP Y E + A Eq A EP Y E )i p 
-(Y E ) lq (A Eq A EP h E ) jp + {A Eq h E Y E A Eq ) lj +3{A D . q h u Y? J A t D . q ) l:j 
+3{E) jl Tr{h D Y D ) - 3(Y E ) ql (A Eq A DP h D ) jp + 6(A D n A Eq ) jl (Y D h D ) nq 
+3(A* Dq h D Y^A t E>q ) lj + {Y E ) q i(Y E ) jn Tr(A En h Eq ) + 2{h E nA Eq ) jl {E) nq 
+(h E nA Eq ) jl Tr(A En A Eq ) + (A E nA Eq )jiTr(A En h Eq ) + {Y E ) jq (A Eq h EP Y E ) lp 
-(Y^qiiShniAopYD + h Eq A* EP Y E ) jp + (A Eq Eh Eq 
+3A t Eq A DP A D .ph E <,)i j + (A Eq h EP A EP A Eq + A Eq A EP A EP h E i)ij 
+&(A D nA 1 Dq )ji(h U rnA\ jm ) qn +3(Y E ) jq (A Eq h DP Y D .)i p + 3{A Eq h DP A t DP A Eq )i J 
+6(h D nA D . q ) j i [{D) nq + Tr(tf Dn A Dq ) + {A um A\j m ) qn \ 
+6(A D nA J ' Dq ) jl Tr{A J ' Dn hD q ) + 3(A* Dq Dh t Dq + A^Th^h 
+3(Ad« Agp/iup A^g + hDiA^ DP AD P A J, Dq )ji} 

-2(A Ek )ij{(l&M z gt - ^Migi)(A Dq A\ Dq )u + ^M ig 2 (E + A Eq A Eq ) u 

2 6 
+ - lQgt){hD q A^ Dq ) u - -g({h E Y E + h Eq A Eq ) a 

+2(h E Y E E + Eh E Y E ) u + {Y E ) ql (h E ) in Tr{A En A Eq ) 
+2{A E nA Eq ) u {Y E h E ) nq + (h E Y E ) u Tr(E + 3D) 
+E u Tr(h E Y E ) + {h E ) iq (3A Eq A DP Y D + A Eq A EP Y E )i p 
-(Y E ) q i(A Eq A EP h E ) tp + (A Eq h E Y E A Eq ) u + 3(A Dq huY^A Dq ) u 
+3{E) ll Tr{h D Y D .) - 3(Y E ) q i{A Eq A* DP h D ) ip + 6(Ad»AJj, )u (Y^ hn) nq 
+3{A* Dq h D Y D/ A t Dq ) u + (Y E ) ql (Y E ) in Tr(A En h Eq ) + 2(h E nA Eq ) il (E) nq 
+(h E nA Eq ) u Tr(A En A Eq ) + (A E nA Eq ) u Tr(A En h Eq ) + {Y E ) iq (A Eq h EP Y E ) lp 
-3{Y E ) q i{h Eq A* DP Y D ) ip - (Y E ) q i(h Eq A* EP Y E ) ip + (A Eq Eh Eq 
+3A Eq A DP A EP h Eq )u + (A Eq h EP A EP A Eq + A Eq A EP A EP h Eq )u 
+6(A D nA t Dq ) a (h um Al Jm ) qn + 3(Y E ) iq (A Eq h DP Y E ) lp + 3(A Eq h DP A' i DP A Eq ) li 
+6(h D r>A' ! Dq ) ll {(D) nq + Tr(A{, n A Dq ) + (A[/t»A{, m ), B ] 
+6(A D nA J ' Dq ) il Tr(A\ 3n hD q ) + 3(A* Dq Dh t Dq + A^Th^u 
+3{A Dq A , DP h DP A f Dq + h Dq A f DP A DP A f Dq ) a } 
,234 4 15 4 207 4 9 2 2 

+( h E ")ij{^r-gi + y 92 + "50" 51 + 55152} 

-(A Ek ) t3 {30M 2 g$ + ^(Mi + M 2 )glgl + ^M,g\ + M^§)gt)} (44) 

(167r 2 ) 2 /? ( ( ^ fc)i3 = (h Dl ) tJ {(^-gl + ^g 2 1 )(A uq Al q ) kl - 2(D) lk Tr(E + 3D) 

+ (6gl + \gl)[D k i + Tr(A Dk A Dl )] - 2(Y D DY D ) lk - 2(Y D TY D ) lk 

-2{YhA^ p A DP Y^) kl - 2Tr(A t D kA* D i [D + T] 
+Aj 3l A Dfc A^, ! A D ,) - Tr(6A Dq A\ 3q A Dk A] 3l + 2A Eq A Eq A Dfc A^, 
+2EA Dk A J < Dl ) - 4(A um DAlj m ) k i - 4(Aj 7ro A [ /pAj 7P A i y m ); fc 
+4(Alj m ) lq (A um ) kn Tr(A Dn A Dq ) - (6Y D A Dk A DP Yo)i p 



18 



-2(y J jA* J »AS.,y B ) Ip - (6Y D A Dl A DP Y D + 2Y D A Dl A EP Y E ) kp 
-2(Aj 7 ,A C /") ifc [Tr(Aj 7 „A C r,) + 2(f) nq ]} 

+ {h D k) a {- gl[{D + 2T) 3 i + (A^Ao,);,] - (A Dm EA Dm )i 3 
o 

-2{D 2 )n - (D)jiTr(E + 3D) - 2(T 2 ) 3i - 3{T) jl Tr{T) 
-2(A^ n A D m) i3 [(£)) mTO + (At/aA^,)™ +Tr(Aj, m A D n)] 

-3(Aj, m A D9 A|, !I ADm)y - (Ajjm A_B9 A^,g A_Dm)y - (Y D ) jn (3A^ n A^m 

+Ajj„A Bm Yfi) im - 2(y D A t c/9 A c/9 y i ! ) ) 3 i - 2(Y D ) 3m (Y 2 !,) 7li Tr(At 5m A D n) 

-(Y£),„(3Ai,»Al,my D + A^nAS-my^™ - (Yujin Q$ ),lZV (A\jn Au, ) } 

+(fc D ii)u{(16ffi - ^gl)(A D <,A^ Q )u + pi{E + A Eq Al q ) u 

~2{E 2 ) U - (Y E ) ql (Y E ) ln Tr(A En A Eq ) - 2{A E nA Eq ) u {E) nq 
—(Ae" A Eq )uTr(A En A E q) - {E) u Tr(E + 3D) 
-{Y E ) lq {3A Eq A DP Y D + A Eq A EP Y E ) lp + (Y E ) lq (3A Eq A DP Y D 
+A Eq A EP Y E ) w - (A Eq EA Eq + 3A Eq A DP A DP A Eq + A Eq A E pA EP A Eq )ii 
-6(A D »A| 3!I )«[(D)„, + Tr(Ak„A D ,) + {AumA\j m ) qn ] 
~3(A Dq DA Dq + A Dq TA Dq ) u - 3{A Dq A DP A D vA^ Dq ) t i} 

2 ' 6 
-{h D )jk{{-gl - \Qgl){A D iYn)i q - -gl{A E iY E ) iq 
o o 

-(3A^„AB P Ai, P y^ + A E nA EP A EP Y E + 3A t E nE t Y£) in 
-{A Eq Y E ) u Tr{A El A Eq ) - 3{EA D mY D - EA E mY£) im 
+9(\ D «D t Y£) iq - 6(A c ,y i ;A t [/m Ay m ) l9 + 6(A Dq Yo)aTr{A* Dl A Dq ) 
+3(A D nY^Y D + AonA^Acmy;)™} 

-2(A Dl ) lJ {(yM 3 33 2 + ^Mi ffl 2 )(A c „A t c/ ,) fci 

+(6M 252 2 + ^M ig j)[(D) kl +Tr(A Dk A Dl )] +2{h t D A DP A DV Y D ) kl 

-(fgl + ^gi)(hmAl q ) kl - (6gl + \gl)[{h D Y D ) kl + Tr(h Dk A Dl )] 
+2(D)i k Tr(Y E h E ) + 2Tr(h E Y E A Dk A Dl ) + 2{Y D .A t Dk A EP h E ) lp 

+2{Ylh u Y^Y D ) lk + 2Tr(A t Dk A] 3l h u Y^)+A{A\ jq A U n) lk (Y^h u ) nq 
+2{Y D h D D) lk + 2(Y^Dh D ) lk + 2{Y D Th D )i k 
+2{Y D h D ) lk Tr{E + 3D) + QD lk Tr{Y D h D ) 

+2Tr(A Dk A Dl h D Y^)+4(A um Y D h D Al m ) kl + 6(Y D A Dk A* DP h D ) lp 
+6(h D A D , A DP Y D + 2h t D A Dl A EP Y E ) kp + Tr(2h Eq A Eq A Dk A Dl ) 
+2(yhtf Dl h E pY£) kp + ±(h U r n b\\ jm ) kl +4(A] jm hupAl 7P A U m) lk 
+4(Aj 7m A c/ p A\j P hum)i k -4(A\ Jm ) lq (h u >n) kn Tr{A D nA i Dq ) + 2(Y D .A' t DP hDpY D .) kl 
+2(A\ jq h U n)i k [Tr{A\ jn A m ) +2(f) nq ] + 2(A t uq A un )i k Tr(A t un h uq ) 
+2Tr{h t Dk A* D ,{D + T) + A^ Dl h Dk A Dq A Dq + tf Dl A Dk tf Dq h Dq ) 

+Tr{&h Dq A Dq A Dk A^ Dl + 6A C , A\, q h Dk A^ + 2A Eq A Eq h Dk A Jf Dl + 2Eh D . k A t Dl ) 
-4(A t [fm ),,(A ( , m ) i „Tr(/i D »Al ) ,) + (6Y^/i* Dfc A* DP Y D ) lp 
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+2{Y D h Dk A* EP Y E ) lp + {6Yl>A Dl h DP Y D ) kp } 

-2{K Dk ) a {\M ig l[{D + 2T) jt + {A^Ad^} 
o 

-\gl[{h D Yl + 2h u Y^ J ) jl + (J^ Dq hDi)ij\ + 3(huYy)jiTr(T) 

+(D) jl Tr(Y E h E ) + (A^ Dm h E Y E A Dm ) l:j + (Y£) in (3A* D n A Em h E ) jm 
+2(h u Y*T) jl + 2(Th u Y*) jl + {Y D ) jn (A Dn h E mY E ) lm 
+3(T) j ,Tr(Y%h u ) + {hu) jn {Y^) ql Tr{^ un A m ) + 2{h D Y D D 
+Dh D Y D .) 3 i + {h D Y D ) j iTr{E + 3D) + ^^{Y^Tr^^m) 
+(D) jl Tr{3Y D .h D ) + 2{A i Dn A D m) lj (Y D .h D )mn + (h D ) jn (3A< D , n A Dm Y D . 
+A^ Dn A Em Y^) lm + 2(h D A\ Jq A uq Yl) J i +2(h D ) jm {Y D .) nl Tr(A D . m A D n) 
+3{Y D .)i n {A t D nA D .mh D ) j m + (A^ m h E <iA Eq Ad™ )ij 
+2(A Dn A D n) lj (h U iAl 7Q ) nm + 2(Y D A\ jq h m Y D ) jl 
+2(A Dn h D ™)ij[(D)mn + {AmA\j q ) nrn + Tr(A Dm A D n)] 
+2(A Dn A D m) lj Tr(A Dm h D n) + (A Dm Eh D ™) h + 3(A Dm h Dq A Dq A D m 
+A Dm A D iA Dq h D m) lj + (A Dm A Eq A Eq h Dm )ij + 3(Y D ) ]n (A D „h D mY D ) tm 
+2(Y D ) j m(Y D ) nl Tr(A Dm h D n) + (Y D ) ln (3h D nA Dm Y D + h D nA%mY E ) jm } 

-2(A Dk )ij{{l&M 3 gl - ^M ig l)(A Dq A Dq ) u + ^M ig l(E + A E , A Eq ) u 

2 6 
-(1%3 - -^gl){hDiA Dq )u - -gl(h E Y E + h Eq A Eq ) u 

+2(h E Y E E + Eh E Y E )u + (Y E ) ql (h E ) ln Tr(A En A Eq ) 
+(h E Y E )uTr(E + 3D) + (E) u Tr(h E Y E + 3h D Y ] D ) 
+(h E ) iq (3A Eq A DP Y D . + A Eq A EP Y E )i p - (Y E )i q (A Eq A* EP h E ) ip 
+{A Eq h E Y E A Eq )u + 3{A Dq huY^A Dq )u + 2(A E nA Eq )u(Y E h E ) nq 
-3{Y E )i q {A Eq A Dv h D ) lp + 6{A D nA Dq )u(Y D h D ) nq + 3{A Dq h D Y D A Dq ) u 
+(Xl) q i (Y E ) ln Tr{A En h Eq ) + 2(h E nA Eq )« (E) nq 

+(A E nA Eg ) u Tr(A En h Eq ) + {Y E ) tq (A Eq h E vY E )i v - (Y E ) lq (3h Eq A DV Y D 
+h Eq A EP Y E ) ip + (A Eq Eh Eq + 3A Eq A DP A DP h Eq 
+A Eq h EP A EP A Eq + A Eq A EP A EP h Eq )u + 6(A D " A Dq )u(hu™ Aj Jm ) qn 
+3(Y E ) iq (A Eq h D pY D .) lp + 3{A Eq h D pA DP A Eq ) u + 6(h D nA Dq ) u [(D) nq 
+Tr{A Dn A Dq ) + [A um A\j m ) qn ] +6{A D nA Dq ) il Tr{A Dn hn< 1 ) 
+3(A Dq Dh t Dq +A* Dq Th t E>q )u + (h E n A Eq )uTr(A En A Eq ) 
+3(A Dq A t DP h DP A Dq + h Dq A DP A D pA t Dq ) u } 

+2{Y D ) jk {{^M ig l - 16M 3 gl)(A Dq Yo) tq - ^M ig l(A Eq Y E ) lq 

2 6 

~ ^gl){h Dq Yu) iq + -gl{h Eq Y E ) lq + {3A E nY E h E Y E ) in 

+3{h E Y E A D mY D . - h E Y E A Em Y E )im - 3{A D nY^h t u Y^) in 

App AdpY e + h E nA E pA E pY E 
+A E nA EP h EP Y E + 3h t En E t Y E ) m + (h Eq Y E )uTr(A E iA* Eq ) 
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+(A t Eq Y E )uTr(h t E iA* Eq ) - 3(Eh E mY E ) im + 6(A D9 F^/i t E/m A^m) i9 

+3(A t E nA* DP h t DP Y E ) in + 3{Eh Dm Y D .) irn - 6{A n <,Yo) il Tr{A D . l h t DQ ) 

+6(hDiY^A t um A* U m) iq - 6(h D <,Y£)uTr (A^A^) - 9(h D9 L>*Y^) i9 

-3(y^Th* D „ ) ni - 3(/i D n A^ m A c ™ + Ad- A^ m Y£ ) in } 

,, . , 15 4 287 4 16 4 22,822, 22-, 
+ (ft D fc)ij{yf2 + -qq-Si - y»3 +89392 + g9i9i +929ii 

574 84 

+(A Dfc ) 13 {-30M 2P2 2 - + yM 35 | - 16(M 3 + M 2 )^ ff | 

-^(M 3 + M^gigl - 2(M 1 + M 2 )g\g{} (45) 



( W * 2 ) 2 P(H ui)jk = (V)^{(6»2 2 - pl){f)u + (pi - ^Tr (Av.Al) 
-2(Y£DYu)u - 6(f) H Tr(T) - 4Tr (A V i A*., Aup A\j P ) 
-2(y ( +A^ m Aj 3m y c ,) ii - 4(A t c/1 A [7 ,) 9 mTr(At )m A D9 ) - 2(y ( +Ty / ) ii 

-ATriA^A^D)} + {h vi ) lk {{^gl + ^(A^A^ 
+ (6» 2 2 + +Tr(A DJ A^)] - 2(Y^DY D + Y^TY D ) h 

-2(Y^ DP A DP Yn) 3l -(STr(A Dq Al q A D3 A^ Dl ) - (6Y^ A*,, A* DP Y D ) lp 
-2Tr[A^ AJ,, (D + T) + A^A^A^Ad,] - 2D lj Tr(E + 3D) 
+2Tr(A B «A^,A DJ Aj, I + £A D3 A^) - 4(A l / m £»A t c/m ) j! 
-4(A^ m A c , P At, p A t/ m) ij + 4(A^ m ) iq (A C / m ) jn rr(A D -,At 3g ) 

-2(y>^ A^ P y B ) !p - (6y^A^A DP y^ + 2^aJ,,a 

-2(Aj rs Ac/- )y [Tr(A\j n Au<i ) + 2(Yj Y/)„ 9 ]} 

+( ft i/0j!{(y53 + ^gl){^uiA\j q ) k i + (652 + pi)[D k i 

+Tr(A Dk A^ Dl )] - 2{Y D DY D ) lk - 2(Y^TY D ) lk 

-2D ik Tr(E + 3D) - 2(Y^ ) A] }p ADpY5)ki 
—2Tr[A t D kA' D i (D + T)] - 2Tr{tf Dl A Dk tf Dq A Dq ) 

-Tr{<oA Dq A^ Dq A D kA Jf Dl + 2A B , A Eq A Dk A^ ; + 2EA Dk A^ Dl ) 
-4(A [7 ™£ ) Aj 7m )fci - <i(A\j m A UP A\j P Au-m.) lk - 6(Y^A^ fc Ao P Y D ); P 
+4(At 7m ) ;9 (A [/m ) fcn Tr(A D .Al„) - (6YM^ + 2Y^A^A y^) fcP 

^(Y^A^AbpYb)^ - 2(A t uq A un ) lk [Tr(Al Jn A uq ) + 2(f) nq ]} 
-2{A vl ) jk {(6M 2 gl - |Mi ff ?)(f) M - (6 52 2 - ^ 2 )(yjMi, 

-(|fl3 - ^ 3l 2 )Tr(VA l7! ) + (^M 353 2 ~ ^M l5l 2 )Tr(A [/I Aj /i ) 

+2(ytftuf + Y^Thu + Y^Dhu)ii + 2(Y^A t Dm A* Dm h u ) ll 
+6(Y^h u ) li Tr(T) + 6{f) u Tr(huY^) + 2(Y^h D Y^Yu) u 
+4ZV (A*,, A vi Y x D hn ) + 4(A^ h vi ) nm Tr(A^ m A D n ) 
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+ATr{h ui ^ ul K U vh\ JP )+ATr{K ui ^ ul h U vh\ JP ) 

+4Tr(A^/ l ^5) + 2(y^UAD-n/)H+4(A + y! A [7i )nmTr(A+ ?m / lD n)} 
-2(A [7 ,)i4(yM 3 5 3 2 + ^M 1 gl)(k uq \l q ) ]l +2{Ylk t DJ A* EP h E ) lp 
-(6» 2 2 + l9i)[(hDYl) ]l+ Tr(h D3 ^ Dl )] + 2Tr{h E Y E A Di A*,,) 

+(6M 252 2 + §Mi S ?)[(i% +Tr(A Dj At )! )] - (y Ss + ^|ff?)(ftir«At,,) 3 -, 

+2D lj Tr{Y E h E ) + 2Tr{A t Dj Al l h u Y^) + AiA^Aun^^Y^hu)^ 
+2{Y D h D D + Y^huY^Y D )ij + 2{Y D Dh D + Y D Th D ) h 
+2{Y D h D )ijTr{E + 3D) + 6D h Tr(Y^h D ) 

+2{h D A DP A DP Y D ) jl + 2Tr(A t Dj A Dl h D Y D _) + ^F^dA*,™)^ 
+6(Y^A^ A* DP h D )i p + {QIidA^AdvYd + 2h t D A' i Dl A EP Y E ) jp 
+2Tr{h Eq A Eq A DJ ^ Dl ) + 2{YhA^ Dl h EP Y E ) ]p + A{h um bA\ Jm ) ]l 

+£{A\j m hup A\j P Au™)u + 4:(Alj m A UP A^hu^ij - <i(A\j m ) lq (h um ) jn Tr (A D nA Dq ) 
+2{A\j q h un ) h [Tr (A^„ A uq ) + 2(7%,] + 2(A t c/g A V n ) h Tr (A^„ /ly, ) 
+2(Y D A DP h D pY D ) j i + 2Tr[h t Dj A* D , (D + T) + A^ Dl h Di A Dq A Dq 
+A^ Dl A Dj A Dq h D9 ]+&Tr{hD*A J! I3q A Dj A Jf Dl + A^A^/i^ A+,,) 
+2Tr(A B ,A| 5 ,^A^ +S/i Dj A^,) - 4(Aj, m )„(At/m) jn rr(fe D »Al 3 ,) 

+(6y>* DJ Aj J py D ) ip + 2(y^* D3 A^F B ) ip + (6y^Aj,,fti,py^) jp } 

-2(A [7 ,) Ji {(f M 353 2 + ^M l9 l){A uq Al q ) kl - (6 ff2 2 + |s?)(fc D Y^) w 
+(6M 25 2 + ^Migl)[(D)ki + Tr(A D kA t Dl )] - (™g 2 3 + ^g()(h uq A^) fc( 

+2(Z») ifc Tr(y^ s )+Tr(2/i B yiA ofc A^) + 2(yiA t ofc A^/i £; ) ip 
+2(y> c/ yJy D ) ;fc + 2Tr(A* Dfc A^ft c/ yJ) + 4(A t c/g A^) ifc (y> l ;) n9 
+2(ytft D D) it + 2(Y^Dh D )i k + 2(Y D Th D ) lk 
+6(D) lk Tr(Y D h D ) + 2{h D A^ DP + 2Tr(A* D)s A^/i D y 2 f) 

+4(A [ , m Y> D A t c/m ) fc; +6(y^A^ >fc ADp/i D )i P + 6(/ii 5 A^ i A D pyD 
+2h* D A^A BP y^) fcp + 2Tr(/i B < I At ;9 A Dfc A^) + 2(y^A^^yB)fc P 
+4(/i c/ '"£ | Aj 7m ) fc; + 4(Aj 7ro ft !7P Aj 7P A C / m );fc + 4(Aj 7m A c/ pAj 7P /i c/ '")ifc 
-4(A^ m ) i9 (^m) fcn Tr(A D nAl ? ,) + 2{A\ jq h U n)i k [Tr{A] jn A uq ) + 2(f) nq ] 
+2{A\ jq A U n) lk Tr{A\ jn hm) + 2(Y D A t DP h DP Y£) kl + 2Tr[h Dk A* D , (D + T)] 
+2Tr{A Jf Dl h Dk A Jf Dq A Dq + A^ A Dk A Dq h D «) + Tr(6h D «A Dq A^A^, 
+6A Dq A Dq h Dk A*< Dl +2A Eq A Eq h Dk A t Dl + 2Eh Dk A* l Dl ) 

-±{Al m ) lq {A vm ) kn Tr(h D nA Dq ) + 6{Y D h Dk A* DP Y D ) lp + 2(Y D h^kA^pY^ip 
+G(Y D A'' Dl h DP Y5) kp + 2(Y D h D ) lk Tr(E + 3D)} 

+(A t/i )i*(f M 3 gt - ±fM l9 i - ^(Mi + M 3 )glgl) 
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+( h uO]k(-^gi + ySi + ^5aSi) (46) 

The two loop /3 functions for the gaugino masses and soft breaking masses are given 
by: 

(Wn 2 ) 2 ^ = (16n 2 ) 2 p$ i(Rpc) -2M 1 gUfTr(A ui Al ;i ) + ^Tr(A Di hl i ) + lTr(A Ei Al)} 
+2g 2 [^Tr(h ui Al Ji ) + l -^Tr{h Di A^ Di ) + ^Tr(h Ei A^)\ (47) 

(16tt 2 ) 2 /3^> = (16n 2 ) 2 ^ 2(Rpc) -2M 252 2 [6Tr(A D ,A^) + Tr(A EI A^)] 

+2g 2 2 [6Tr(h D ,A^) + Tr(fc B ,A^)] (48) 

(16^ 2 ) 2 /3< 2 > = (16^ 2 ) 2 /^ (Hpc) -2M 3 < 7 3 2 [3rr(A l7 ,A^) + 4rr(A D ,A^ 
+2 5 2 [3Tr(ft [/s A+ 7I ) + 4Tr(h Di A Di )] 



)] 

(49) 



(16tt 2 ) 2 /? ( (2 ) |)i3 = (16tt 2 ) 2 /3 ( (2 ] |)hpc + (12M 2 2 <; 2 2 - -M 2 g 2 )Tr{A Ej A^) - (6Af 2ff 2 - ^M ig l)Tr{A EJ h^) 

-mtg 2 - b -Mlgl)Tr{h E3 A^) + (6g 2 - Q -gl)[Tr{h E3 h^) 

-4{h E h E iA El Y E + h E A E iA El h E + Y E h E ih El Y E + Y E A E ih El h E )a 
- !2{h E h D i Al,Y E + h E A D i A^ Dl h E + Y E h Y E + Y E A D ih , r>l h E ) t] 

+12(h E h Ej A* D mY D + h E A Ei A* Dm h D + Y E h Ej h* Dm Y D +Y E A Ei h* D mh D )im 
-4(h E A Ej A Em h E + h E h Ej A Em Y E + Y E h EJ h Em Y E + Y E A Ej h Em h E ) im 
-ATr[h Ei h Ei {E + A El A El +3A Di A^)] + 12(Y D h Dm h EZ Y E 
+Y D A Dm h Ei h E )mj -4Tr[A Ej h Ei (h E Y E + h E ,A El +3h D ,A Dl )] 
-4Tr[h Ei A Ei (Y E h E + A E i h El + 3A D , h Dl )] + 12(h D h t D mA Ei Y E 
+h D A t Dm A Ei h E ) mj -4Tr[A Ej A Ei (h E h E + h E ih E , +3h D ih i Dl )] 
-4(h E h E mA Ei Y E + h E A E mA Ei h E + Y E h E mh Ei Y E + Y E A E mh Ei h E ) mj 

+(3<?f ~ \gl)[±Tr{m\A Ei A Ei ) + (m 2 E ) l3 Tr(A El A^) + (m 2 E ) u Tr (A EJ A El ) 

+4(A Ei Y E ) ljm l iHi ] + (12g 2 - ^ g l)(Y E A E] ) a rn 2 HiLi - 2(Y E A Ek ) iq (E) kj m 2 Hiig 
-4(Y E EA E3 ) tq m 2 Hiiq -4(Y E m 2 i A El A El Y E ) ij ~ 4(Y E A El (m 2 L yA El Y E ) tJ 
-4(m 2 E ) kl (Y E A Ek AlY E ) l3 - 2(E) u (A El Y E ) qj ml QHi + 2{Y E A^Y E ) lj {Y E ) iq m\ qHi 
-4{YlA El A El m\Y E ) l3 - 2(Y E A El A El Y E m%) ij - 4(Y E A El A El A EJ )um 2 Hiii 
-4m 2 Hl (Y E A El A El Y E ) l3 - 12(Y E m 2 L A D , A^Y E + Y E A D , (m^'A^y^ 
-12(m 2 D )ki(Y E A Dk A^ Dl Y E )ij + 6(Y^ Dl Y E ) h (Y E ) 

-12(yiA D ,Aj,,m|y B )y - Ylm^YlA^A^Y^a - G^A^A^m 2 ^ 
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I an 



-4{Y E A Ei ) iim 2 Hiii Tr(E + 3D) - 4£y (Y E A Ek ) kl m 2 Hiii 
+12(E) ij (Y^A t Dk ) k im 2 HiLi + V2{Y^m\A Ej A Dm Y D ) irn 
+12{Y E A E3 m\ t A* D mY D ) im + 6(m 2 E ) kj (Y E A Ek A Dm Y D ) im 
+6(E)i 1 (A D - m Y D ) qm ml qHi - e{Y E A* Dm Y D ) jm {Y E )iirn\ iHi 
+12(Y E A EJ A* Dm m 2 ^Y D ) m + 12(Y E A Ej A Dm Y D m 2 D ) m - 4m% 1 Tr (A E , A Ei E) 
+12m 2 Hl (Y E A EJ A* Dm Y D ) m - l2(Y E A Ej A Dm A Dm )um 2 Hiii 
-4{Y E m 2 i A Ei A Em Y E ) im -4{Y E A Ej {rn 2 i ) t A Em Y E ) i 
-2(m 2 E )kj(Y E A E kA Em Y E ) irn - 2(E) ij (A Em Y E ) qrn m 
+2{Y E A Em Y E ) jm {Y E ) u m\ iHi - 4{Y E A Ei A Em m\Y E ) im 
-4(Y E A Ej A Em Y E m 2 E ) im - 4m 2 Hl {Y E A Ei A Em Y E ) im - 4Tr(Em 2 L A Ei A Ei ) 
-4(Y E A E jA Em A E m) u m 2 Hi - Li - V2{Y E A Dl A*,, A Ej ) iq m 2 HiLq 
—4Tr(A E jin\ t A Ei E) - 2{m 2 E )i j Tr{A El A Ei E) - 4{A Ei EY E ) qj m 2 iqHi 
+2(Y E A Ei E) jq m 2 iqHi - 4Tr(mlA Ei A Ei A El A El ) - 4Tr(A Ei A El A Ei (m|)<) 
-2(m 2 E ) kj Tr(A Ek A Ei A E iA El ) - 4(A Et A El A El Y E ) qj m 2 



2 

1 m " v L q Hi 



L q Hi 



+2(Y E A Ei A El A El ) jq m 2 iqHi - 12Tr(m 2 L A EJ A Ei A Dl A^) - 12Tr(A^A D , A*,, A EJ (m|)<) 
-6(m%) kj Tr(A Ek A Ei A Dl A Dl ) - 12(A Ei A Dl A^ Dl Y E ) qj m 2 iqHi + 6{Y E A Ei A Dl A+,, 
-4Tr{A Ei A Ei m\E) - 4Tr(A Ej A Ei Y E m 2 E Y E ) + 2(Y E A Em Y E ) mi (Y E ) qj m 2 Hi ~ Lq 
-4(FiA B ,A^A Bfc ) fc! m^ iZi -4rr(A B3 A^m|A B! A^0-4Tr(A B3 A^A B ,(m|)*A^) 
-4(m|) fci Tr(A B ,A^A Bfc A^) - 4(A^ A B3 - A^Yb),, 
+2{Y E A El A Ej A Ei ) lq m\ qHi - 12Tr{A Ei A Ei m\A Dl A*,,) 
-^(A^A^A^^m^'A^) - 12(m|) fei rr(A B3 A^A cfc A^) 

+6(y^A^A EJ A^) iq m| 5ffi + 12(F|AVm|A D mF^) jm + 12(^A^A D m(m|)«y^) jm 
-lZZV^XyiA^jm^ + 12(Y>* Dm A^m|y B ) mj + 6(Y>U A^y B m|)„ 
+6(y^AUA^A B3 ) mi m^ iii +12mi 1 (y>UA^y B ) rrlj -4(y^m|A Bm At ;i y £ ) T 
-4(yiA Em (m|)*A^y E ) mj - 4(m|yiA Bfc A^y E ) fe3 - 4Tr(E)(A Ei Y E ) qj m 2 LqHi 
-4(Y E A Em A Ei m 2 L Y E ) mj - 2(y^A B m A Ei Y E m 2 E ) m j - 4(m 2 Hl )(Y E A Em A Ei Y E ) mj 
-2(Y E A Em A E% A EJ ) mk m 2 HiLk + 12(m%Y D A Dk A Ei Y E ) kj + 2(E t A Ei Y E ) qj m 2 LqHi 
-2(E) u (A El Y E ) qj m 2 iqHi -2{m 2 E Y E A El A El Y E ) ij - 2(E) lj (Y E A E , 
-GimlY^A^YE^+GiY^Y^uiYE^ml^ - 2{E) ij {A Ek Y E ) lk m\ iHi 
+6(E) lJ (A D . k Y D ) lk m 2 LiHi + 6(m 2 E Y E A Ej A* D mY D ) im + 6(A^ A^j A D m Yd ) im , mi l H 
-2(m 2 E Y E A Ej A Em Y E ) im - 2(A^ t A B3 A Em Y E ) lm m\ iHi + 2(Y> Ej E t ) iq m 2 HiLq 
-2{m 2 E ) ik Tr(A Ei A Ek E) + 2{EA Ei Y E ) ql m 2 Hi Lq - 6(m%) ik Tr(A Ej A Ek A Dl A^ ; ) 



)mj 
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-2(m|) lfc Tr(A EJ A^ fc A El A^) + 2{A Ei A Ei A E iY E ) q im 2 HiLq 
+6(A Ei A Ei A Dl Y D ) ql m 2 Hi - Lq - Q{A* Dm A t D mA Ei Y E )i 3 rn\ iHi 
+6(m 2 E ) ik (Y D A Dm A Ek Y E ) mj - 6(Y D A Dm Y E ) mi (Y E ) qj rn 2 Hi ~ Lq 

-2{A Em A Em A Ei Y E ) ljm \ iHi -2(Y E A E mA Ek Y E ) rnj (m%) ik - -s'5 i3 



(64M 3 2 ff3 2 - -Mlgl){A Dq ^ Dq ) l3 + — M?g 2 (A Eq A Eq ) i3 

+(-32M 3fl | + -Migl^Aooh^ij - ^M ig l{A Eq h Eq ) i3 

4 12 

+{-32M;g 2 3 + -Mlgl)(h Dq tf Dq ) i3 - -Mj'^feA^,, 

+(32^3 - ^gl^hDih^)^ + ^gl(h E ih Eq )ij 
-2(h E ) kj (h E ) u Tr(A El A Ek ) - 2{h E ) k3 {Y E ) u Tr{A El h Ek ) 
-2(Y^ kj (h E )uTr(h El A Ek ) - 2(Y E ) k3 (Y E ) u Tr(h El h Ek ) 
-A{A E iA Ek ) l3 {h E h E )i k - A(h E iA Ek )ij{h E Y E )i k - 4{A E ih Ek )ij{Y E h E )i k 
-A(h El h Ek ) l3 E lk - 2{h El A Ek ) %] Tr{h El A Ek ) - 2{h E ih Ek ) i3 Tr{A El A Ek ) 
-2(A El h Ek ) i3 Tr(A El h Ek ) - 2{A El A Ek ) i3 Tr{h El h Ek ) 
-2{h E ) ik {3h Ek AdpYZ + 3A Ek A DP h* D + h Ek A EP Y E + A Ek A EP h E ) 3P 
-2{Y E ) lk {3h Ek h D vYo + 3A Ek h D vh* D + h Ek h E vY E + A Ek h EP h E ) 3P 
+2(h E ) 3k (3A Ek A D . P IiD + 3h Ek A E pYo + A Ek A EP h E + h Ek A* EP Y E )i P 
+2(Y E )j k (3A Ek h EP h E + 3h Ek h* D pYo + A Ek h EP h E + h Ek h EP Y E )i p 
-2{h Ek h E Y E A Ek +h Ek Eh Ek + A Ek h E h E A Ek + A Ek Y E h E h Ek )ji 
-6(h Ek h DP A t DP A Ek + h Ek A DP A t DP h Ek + A Ek h DP h t DP A Ek + A Ek A DP h t DP h Ek ) 3t 
-2(h Ek h EP A EP A Ek + h Ek A EP A EP h Ek + A Ek h EP h EP A Ek + A Ek A EP h EP h Ek ) 3l 
-12(h D ih Dk MD lk +Tr(A Dl A Dk ) + (A^A^m] 
-12(A Dl hl k ), 3 [(Y^h D ) lk + Tr(A Dl h Dk ) + (h uq Al q ) kl ] 
-12{A D iA^ Dk ) i3 [{h} D h D )i k + Tr(rf Dl h Dk ) + [huchl^u] 
-12{h D iA^ Dk ) i3 [{h} D Y D ) lk +Tr(h Dl A Dk ) + (A m h\j q ) kl ] 
—6{h* Dk hDY E .A t Dk + h^khuY^A^ + K* Dk YDY D }i Dk + h* Dk YuYy}i Dk ) 3i 
— 6(Aj 3 fc/i D fe^,A^ ) fc + A* Dk Y D h} D }i Dk + A^fc/i^ftyA^fc + A D , k Y u hl J h t Dk ) 3 i 
-6(/i Dfc /i^ p A_DpA^ fc + A Dk h} DP h DP A Dk + A Dk A^hoph^ + h Dk A^Adp/i^)^ 

+(1633 - ^gi)[(. m L A D qA Di)i3 +2(A D ,m|*A^ g ) i3 +2(m 2 t) )i q {A D iK l Dq ) i3 
-(X^D,)<uml. Hl ] - A{EY E ) ik {A Ek ) qj m\ qHi +3{A Ek EY E ) jk m\ iHi 
+ ^9i( A Ek)u(Y E ) kj m 2 HiLi + ^gl[{m\A Eq A Eq ) i3 + 2{A Eq m\ t A Eq ) l3 
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2 

L q H 1 



+2{m 2 E )i q {A E iA Eq ) i3 + (Y E ) iq (A Eq ) k3 m 2 LkHi - {Y E A Eq ) qj m\. Hi \ 
-4(A Ek ) u (Y E E) kj m 2 HiLi - 3(Y E ) kj (EA Ek ) u m 2 Hiii 
-(Y E ) kj (mlY E )uTr(A^A Ek ) - 2(Y E ) kj (Y E m 2 E ) u Tr(A El A Ek ) 
-2m 2 Hl (Y E ) kj (Y E ) u Tr(A El A Ek ) - (Y E ) kj (A El ) iq Tr(A El A Ek )m 2 HiLq 
~2(m%Y E ) q] (Y E ) u Tr(A El A Eq ) - 2{A El E) rnj {Y E ) il m\ mHi 
~2{m\A El A Ek ) l3 E lk - 3{A* Dk TA t Dk {m 2 L ) t ) 3l 
-^{A E im 2 i A^ Ek )ijE lk - 4(m 2 E E) qk {A E <,A Ek ) i3 
-A{A El A Eh ) z] {Y E m\Y E ) lk - A(A El A Ek ) tJ [Em%] lk 
-4m 2 Hl (A El A Ek ) lJ Ei k - 2{A El A Ek ) ij {Y E A Ek )i q m 2 HiLq 
~{m\A El A Ek ) tJ Tr{A El A Ek ) - 2{A El m\ t A Ek ) l3 Tr{A El A Ek ) 
-2(m|),,(A B .A^)«Tr(A^A Bfc ) - Tr{A El A Ek ){Y E )u{A Ek ) q3 m 
+Tr{A El A Ek ){Y E A Ek ) l3 rn\ zHi - 4(A El A Ek ) i3 Tr(A El m 2 L A Ek ) 
-2(m|), fc (A B ,A^)«Tr(A^ I Aj 5 ,) - 4(A Bi A^) lj (A^ ! F B ) 9fe m| ?Hi 
-Tr(2E + 6D)(A Ek ) u (Y E ) kj m 2 HiLi + 3{A Dk Y D ) jl {A Dl A t Dk ) qi m 2 iqHi 
-Eij(Y E A Ek )kim 2 HiLi + 6E ij (Y D A t Dk ) k im 2 HiL[ 
-3(m 2 L Y E ) ik (A Ek A D vY D ) jp - {m\Y E ) lk {A^ k A EP Y* E ) ]p 
-m 2 Hl (Y E ) ik [6A Ek A DP Y D + 2A Ek A EP Y E \ jp 
-6{Y E m 2 E ) ik {A Ek A DP Y D ) jp - 2(Y E m 2 E ) lk (A Ek A EP Y E ) 3P 
-3(A Ek )urn 2 HiLi (A Ek A D pYD) jP - {A Ek ) u m 2 HiLi (A Ek A E pY E ) 3P 
-6(Y E ) tk (A Ek m 2 L A D pY D .) 3P - 6(Y E ) ik (A Ek A OP m| Yd) 3P 
~3{Y E ) lk {Al k A Dl Y^ m 2 b t ) ]l + 6(Y E U(A Ek ) 3l Tr(D)m 2 iiHi 
-2{Y E ) ik {A Ek mlA E vY E ) jp - 2{Y E ) ik {A Ek A E pm\ t Y E ) jp 
-(F E ) lfc (m|F2A^A^) ;j+ 2(y B ) lfc (A^) J ,Tr(iJ)m| iHi 
+6m 2 Hl (Y E ) k3 (A Ek A D pY D )i P - 3(Y E ) kj (A Ek A* DP A t D p) il m 2 Hi ~ Li 
+2(y]) fc ,(A sfe A^pm|yB + A Bfe AB P y B m|)i p + 2m^ 1 (y^) fcj (A Bfe A^py B ) 
+ m H 1 L l (A Ek A E pA E p)ii(Y E )kj + 3(Y E ) k3 (m L A Ek A* DP Y D + 2A Ek m\ A* DP 
+6(m%Y E )i 3 (A E i A* D pY D ) ip + &E l3 {A* D pY D ) kp m\ kHi 
-3(Y D A*' DP E) 3P m 2 LiHi + (y E ) kj {m 2 L A Ek A E pY E + 2A Ek m\ t A* EP Y E ) lp 
+2(m 2 E Y E )i 3 (A E iA E pY E ) ip + 2E ij (A E pY E ) kp m\ kHi 
-(Y E A EP E) pj m 2 LiHi - 2(A Ek m\EA Ek ) 3i 
-2(A Ek Y E m%Y E A Ek ) 3l - (2A Ek Em 2 L A Ek + A Ek EA Ek mf) 3i 
-(A Ek A E m) jq (Y E A Ek ) mi m 2 Hiig - 2m 2 Hl {A Ek EA Ek ) ji 
-2(m%) lk (A Ek EA El ) 3 , - (Al k EY E ) jk m 2 iiHi +6(Y^ kj (A Ek A* D pmlY D 
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+A E kA* D pY D m 2 £) )ip - 6(A^ fe m|A OP A| ? pA B fe + A^ADpm^A^A^) 
-6(rn%) lp (A t Ek A D iA i DP A Ek ) Jt + 3(YoA i DP A Ek ) pt (A t Ek ) jl ml [Hi 
+3(2A Ek A DP A j; DP mlA Ek + A Ek ArmA^A^m-').,-; 
-6(m|) !fc (A^ fc A DP At, p A Bi ) Jl - (A*,* AbpA^Yb) 

j k7n L i H 1 

~2,{A Ek A D vA ] DP Y E ) ]k m 2 UHi + 3(A Ek A D pA^ DP ) jq {Y E ) 

ik m l H-, 

+2(A Ek A E pA EP ) jq (Y E ) ik ml qHi - 2(m 2 E ) lk (A Ek A E pA EP A E i) ji 
-(2A Ek A E pA EP m 2 L A Ek + A Rk A EP A EP A Ek m L t ) ji 
-Z{A Ek m\A E vA EP A Ek + At, fc A S pm|'A^, p A B *)ii 
-2(m|) ip (A^ fc A E ,At ;p A i5fc ) Jl ~ (A^Ys^A^A^) 
+ (Y| A+, p A Ek ) pi ( A+, m£ ( Wl +6( A,, A^Y^ A*, m L i H 1 
-12(A D ,m|'Aj J J« [(D),* + Tr(A^ A Dfc ) + (Ac A^) fci ] 
-6(m|A I ,,Aj J J«A* - 6(m|A Di A^) l ,Tr(A^A I5 ,) 
-6(m|A D iA^) i; ,-(At79A^,)fci + 9(A^ fc _Dy D ) jfc m|. Hi . 
+6(A^ fc r D ) ji Tr(A^A Dfc )m?^ i - 12(A D , A^) y (y^m|yb) lfc 
-12(A D «A| )i ), J (flm^) li - ^(AmA^Jy^u 
+^m 2 HlLq {Y^A Dk ) lq (A D iA Dk ) i:i - 12(A B( A^ fc ) lJ [Tr(A^m|A Dfc ) 
+Tr(A^,A Dfc m| i )] - 4(Y E ) kj (Y E )uTr(A El mlA Ek ) 
-12(m^) afc (A I ,,Aj J J«rr(Aj JI Ai 34 ) + 6(A I3 ,Aj, lb ) ij -(Y^Aj, 1 ) fca m| iJfl 
-WCA^AjjJyCAtr.m^A^JiH - 12(A XJ ,Aj Jll )«(myAtr«Aj ri ) H 
-^(A^A^^A^A^) ki{m.jj) pq — 6(A* Dk m,QDA Dk )ji 
-6(A* Dk Y D m 2 E) Y^A t Dk )ji - &m 2 Hl (A* Dk DA Dk )ji 
+3(A* Dk A Dm ) jq (Y D .A t Dk ) mi m 2 HiLq - 3(ml\ D kD* „)« 

-6(A Dfc m| t J D'A^.) lJ - 6(m|) ifc (A I3( D t A^ fc ) lJ - 6(m^) ifc (A^ fc rA' D , 
+3(Aj 3fc ry D )j fe m|. Hi - 6(Aj3 fc m|rA^ fc )ji - 6(A£, fe Yum^Y^A^).,', 
-3(m|A IJfc A^ p Ai5pA^J lJ - 6(A Dfc m| t A^ p Ai 3 pA^ fc ) lj 
+3(Y^ ) A+ 3P A D pAt 5 J fcj m|. Wi - 6(A Dfc Aj, p m|Ar,pA^ fc )y 
-6(m|) ip (A Dfc A^ p A D ,A^ fc ) lJ +3(YoAt ) J M (A Dfe At )p ) i( m| iJfi 
-12(m%) pl Tr{A] }l A D k)(ADpA.] }k )i j - 6{m 2 6 ) lk (A D , A^AcpA^)^ 
+(1633 - gff?)[(AD9A^ g m£) i3 - (A c ,Yo)i q m^ i£ J 
+ ^5 , i[( y E)ife(A^) ij m| i/fi + (Ab<j A^,m|)ij + (As-O^Y^-m^^ 
-(A B ,Y^) iq m^ i£ .] - 677^ (A^TA^),, - 6(A^ fc Tm|A' Dfc ) lj 
-2(y B ) il (A^ I B) M -m| iHl - (Y E m 2 L ) kj (Y E ) u Tr(A El A Ek ) 
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- m L q H 1 ( A E^'l^ YE ^ lTr ( A E' A E k ) + ( y s)kj( SA S*) i<i m H x L q 

-2E lk {k El ^ Ek ml) il +Z{YlEk t El ) ll m z Hii] - (Y E A EP A Ek m 2 L ) PJ (Y E ) lk 
-(A B ,A^m|)«Tr(A^ ( A Bfc ) - (A B ,) ia (yi) fcj -Tr(A^A Blb )m^ l£< 
+(A Bi FB) lfc rr(A B! A Bfc )^H 1 i, 3 - P^A^^A^A^ 
+(A E kY E ) q i(A El A t Ek )i j m 2 HiLq - E lJ {A Ek Y E )i k m\ iHi 
-2,{Y E ) tk {YlA t DP K Ek 

m t)pj " 3{EADpY D \)i p m Hi i . — {EAEpY E )i p m Hi i . 
-3(yis) ifc (m|y^A' DP A sfe ) P j + 3(yE)ife(A^ fc Ai5 P A^ p ) j; m| iHi 
-(yE) l fc(m|y B A BP A Bfc )„ + (yijfej^AgfcJ^m^^ 
+(y B m|) fcj (3A B fe Aop yc +A sti A BP y B ) ip + (A^Ji^SA^feAopyc 
+A Bfe A BP y i5 ) i j,m| iWi + (yi)fc J (£A' Bfc ) il m^ i£; - (m| A^EA^n,)^ 

-3(y B A DP A^ p A Bfc )feim^ il3 + 3(y B )fc j (Ai3pA^ p A Efc )9i m H 1 £, 
+3(A Bfc ) 9i (A Bt: Ai5 P yD) J:p m^ iL(! - (m 2 ^ A Ek A E pA EP A Ek ) Jt 
-(Y E A E pA EI ,A E k)kim 2 HiL , + (y B )fcj(A BP A BP A Bfe )qim^ i £ (i 
-(Y E A Ek ) p ,(A Ek AEp) 3l m 2 HiL[ + {A Ek A E pY E ) JP {A Ek ) 

~12{A u <iA\j q rn 2 D . t ) k i{A D iA^ Dk )i j - 3(A Bfc D t A^.m|) lJ - 3((m|)' A^TA*^)^ 
+3(y j tTA t Dfc ) fcl m^ il3 + 3(A D *y^) i|> (Ai,pAj J J„-m? ri£( - 3(A Dfc ALpA D pA^m|)« 
+3(A Dfc Aj, p A r ,py J 5) ifc m^ i£j - 6(A Dfc At 3P A I3P m| i A^.) lJ 
-6(A D ,A^m|)«[A fc + Tr^A^) + (ApAj,,)^ 
+9(y j tDA t Di )H^ i£j + Q{A Dl Y^A m A\j q ) u m 2 Hi - L , 
+6(A Dl Y5) ik Tr(^ Dl A Dk )m 2 Hii . - 12(m 2 3 D) lk (A Dl Aj,J y 

+6(A^y D ), fc (A D( A^ 

) i i m l,j/ 1 + 6(A Dfc y I5 ) 9 ;(A I5 iA^ )fc )i : ,'m^- i£(! + -s 5^ (51) 

+| S ri[2M 1 2 (A^,Ai5< ! )ii - Mi^^ADa)^ - MJXA^/id*)^ + (ftU fe D<0j'J 

-4(fe^ h D ™ )ji [{D) ml + (Ay, A^ 5 ) lm + Tr(A]j m A D i )] 

-4(ftt )l A r ,m) J - i [(y^li D ) mi + (hu«Al q ) lm +Tr(A* Dm h D i)] 

-4{\] }l hDr n )3i[{h { D Y D ) m i + (A Uq h]j q ) Tr{h} Dm A Dl )] 

-4:(A t Dl A Dm ) ]t [(h t D h D ) ml + {h uq h\j q )i m + Tr{h ] Dm h D i)] 

-2(h bm h E Y E A D m +h i Dm Eh Dm + A bm h E h E A Dm + A bm Y E h E h D m.)ji 

-&{h) Dm h D i A^ Dq A D ™ + h t Dm A D iA Eq h D "')ji — 6(A E , m h,D'ih E , q A D m + A^ m A D gh\-, q hD^)ji 

-2(h bm h E iA Eq A D m + h bm A E iA Eq h Dm + A 3m hEih Eq AD m + A bm A E ih Eq h Dm )ji 
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Ad™Yd + 3A^; Aom/iJ, + h} Dl A E mY E + h^ Dl KE m h* E ]j m 
-6{Y D ) u [h^ Dl h D mY D + h^ Dl h D mh D ] jm - 2(Y u ) il (Y^) kj Tr(hl Jl h uk ) 
-2{Y D ) u {tf Dl h Em Y E +^ Dl h Em h E ) jm -4{h D hl q k uq Y D 
+Y D h\ jq h u <,Y 1 D ) ij - t(h D k\j q K uq h} D + Y D A\j q h uq h ] D )ij 
-4,(h D ) m {h ] D ) l] Tr{A ] Dm K Dl ) - ±{Y D ) im {h< D )i j Tr{?J Dm h D .i) 
-4,{h D )im{Y ] D )ijTr{h ] Dm K D i) - 4(Y D ) im (Y? } ) lj Tr(h D . m h D i) 
-6(h* D ) j i(h t D iA' D r n Y D + A t D iA* Dm h D ) lm - 2(h* D )ji(h t D iA* Em Y E 
+A t D iA Em h E ) im - 6{Y E ) ji(h t D ih* Dm Y D + A^h^ho)^ 
-2(Yo) 3 i( h D' h E^Y E + A^thlmhE^m - 2{hu)ii{h\ J ) k jTr(A^ Jl A uk ) 
-2(y u )«(4) w Tr(A^,h ufc ) - 2(h u ) a (y$) kj Tr(h\ Jl h U H) 
+t > 9i[-{^D«)ii( Y b)k j m 2 HiLi + (A^mlAo,)^ 
+ {A t Dq A Dq m 2 g t ) Jl + 2(m%) lq (A D . q A D i) ji - {A ] Dq ) jm {Y D ) iq m\ mHi ] 

<lj m H 1 L l 

+2Tr(E + 3D) (A Dk ) H (Y^) kj m 2 Hiii + 6(D)y (Y^A*,* )kim 2 HiLi 
-{D) l] (YlA Ek ) kl m 2 Hiii - 2(D) ml [2(A^ Dl m 2 L A D m) ji + (A^A^m^*)* 
+2(m^), m (A^,A D < I )ii - 2 {^ D i)ii{ Y D)imm 2 LqHi \ - Q{A^ Dm A Dq A^ Dq m 2 L A D m) j 
-2(A c/9 Aj 79 ) (m (2A^m|A D m + 

2Tr(A D , m A D i ) [2(A^ m\ A D ™ ) ji 
+{A^ Dl A D mm 2 Q)ji + 2(m 2 D .) q m(A* Dl A D < ! )ji - 2(A^,) J9 (Y D ) 
+4(A^, An" ) 3 -i {YpApi ) mk m 2 HlLk - 4(A^ A D ™ ) Jt ( Y^ m| Y D 
+Y^m 2 Hl Y D + Drn^rni - (A^AB^A^ADrnmi*)^ 



- 4 (Ao(AD™) Jl [(A [ /«m|Aj 7 , + m^'Ai/gA^)^ + (A (7 A : Aj 7 ,)i m (m| r ) fcg ] 
-4(A^ )! A D m) :)i Tr(At, m m|A o! + At, m A o! m|*) 

-4(A^ An" ) J - i Tr (AU A Dfc ) (m|) fci + 4(A^ A D m A^ m ) ;fc m| fc Hi 

-2(At, m m|£A Dm + tf Dm Y E m\Y* ! K Dm ) ji + 2{A uq A\ jq Y t D )u{A^ l ) jp m 2 ipHi 
-2(A Dm EA D m) jir n 2 Hl -2(A* Dm A Ek ) jl m 2 Hiii (Y E A D m) ki 
-2(Aj, m £m|Ai}m) J - i - (Ajj ro £Ar,mm!')ji - 2(m|,) fcm (At, m .EA Dfe ).,- i 
-3(At 3 „ l A D gA^,A D ™m| t ) ji - 6(m^) i ,(A^„ l A D , A^Acm)^ 
-6(m£,)( m (A^„ l A D 9A^,A D !)ji + Q{^ D mA Dq A^ Dq )ji{Y D ) irn m\ iHi 
-6(A^ m m|A D 9A^,A D ™ + A^Anim^A^ADm)^ 
+3(Aj, m ) J -fc(YAAt,,Ar,m) gi m| jbfri - 2(A\ 3m A Eq A Eq m 2 L A D m) ji 
-2{m 2 £) )ir n {A 1 Dm A Eq A Eq A D i) ji + 2(A^ m A Bg A^,) j; (Yi5) lm m| iHi 
-2{A^ Dm m\A Eq A Eq A D m + A^A^rn 2 ^ A Eq A D ™)ji 
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L k H l 



-2(m|)i,(Aj, m A s iA|, 9 Ai3m) J - i - 2{A ] Dm Y E ) jq {A Eq A Dm ) ki m 
+ (AU) J fc(^At ; ,A Dm ), l m| fcHi - 4(y D A^,A u ,y^)«(m^),, 
-3(At 5! A D my^), m [(m|y D + 2y D m|) i! + 2m^ 1 (y D ) ii ] 
+6(At 5! A D my^), m (A o! )fc i rn^ i£fc - 2(Y D )u(A Dl A Ek Y E rn 2 £) jk 
-(A^ l A E rnY;) jm [(mlY D + 2Y D m%)i l + 2m 2 Hl (Y D ) il 
-2(A D ;)fc» m H 1 L fc ] ~~ 3(y D ) l ;(2A^,m|A D ™y3 + A Dl A D ™m 2 Q ) jm 
-6(y 3 ) li (m|) fcm (A^A I5 ,y;) jm + 6{Y D ) u {A Dl ) jk Tr{D)m\ hHi 
-2(y ) i i(At 3i m|A B my^ +At 3i A S mm|'yB) jm 

-2(m|y A^A c/9 y i f + 2y D m|Aj 7 ,A [ /«y i ! ) ) lJ - ^(FcA^A^y^ij 
+2m^ iii (A Dfe ) H (A^A (7 < ! y i t) fcj - 4(Y D Al q A uq m%Y^ + Y D Al q m 2 D t A u «Y D .) 
-2{m%Y D + 2Y D m 2 D ) im (Y D ) lj Tr(A bm A Dl ) + 2{Y D ) il Tr{E){A Dl ) jk m\ kHi 

-4m^ 1 (y I3 ) lm (y^) ij Tr(AUA D! ) + 4(A I3m ) fcl (y j t)^ / rr(AUA I5! )< 1 £ fc 
-4(y,) lm (y^) ;j Tr(A^ m m|A D! +A] Dm A D ,m| i ) 
-Mml) kl (Y D ) tm (Yl) h Tr(A t Dm A Dk ) - 6(m%Y^ ) kj (Y^A bm A Dk ) mi 
^6(yo)ij(A^iAo m m|yi3 + A' fl !ADmF D m|) lm 
-6(Yo)jim 2 Hl (Apt A* Dm Y D ) im + 6m 2 Hi Lk (Y D ) # (A^i A^™ A' D ™ ) ik 
-3(Y^) lj {2Y^ Dm m 2 i A D i + Y^ Dm A o! m|*) mi 
+6(£>)«m| fcHl (Y^AU)m* ~ (y^)«(2y|At ;m mlA o! 

+yiA| 5m A o! m|*) mi + 4(y )i m (y i f) b (y^At 3m ) !fc m| (8ffi 

-2(m^) w (llAUA IJ ») w ,i + 2(£>)«m| ibHi (yiAU)m* 
-2(y i t) ij (A t Di AB m m|y i5 + A* o! A^y B m|) im - (yJm|) fcj (y r )«Tr(A| 7! A [/fc 
-2m 2 Hl (Y^) h (A D iA Em Y E )i m - (y^)y(A' D ,A£mA B m) ifc m^ iife 
-[2m 2 H2 {Yu) u + {m%Yu + 2Y u m 2 iy )u](Y^) kj Tr(Al Jl A uk ) 

-2(Y u )u(Y^ kj [Tr(A\ Jl A uk m 2 3 +ml t A uk Al Jl ) + (m^), fc Tr(A^A U4 )] 
2 t 

+g5i[-(yi5) l fc( A L'=)j im !,Hi + ( m l a d<jA D9 ) j4 ] 

-2[(L>) mi + (Ac/<iA^)i m + Tr(A\-, m A D i )] (raJ^A^, Aum ).,•; 
+2(y^A^Aj 7 ,) :(m (A m) fci m^ i£fe - (m^A^EAflm)^ 
+(yo)mj(ABiA| ;g A D m) fci m^ i £ | _ - (m| A^AsiA^A^™),,-; 

-3(y D )«(y^m|A jjm Aj,; )mj — (YD)il(iriQ A Dl AE™Y E )jm 

+(D)ij(A E m.Y E ) krn m 2 HiLk -3(y D ) li (m| A Dl A D ^Y^) jm 
+2(A Dk ) jl (Y D Al q A uq ) lk m 2 LiHi - 2(Y D ) im (Y D m%) lj Tr(A bm A Dl ) 
-(Y^m 2 Q)i j [3A Dl A Dm Y D +A Dl A* Em Y E ]i m - 2(y D Aj 7 ,A [ /,y^m|) ij 



30 



-3(m|'Aj, m A IJ4 Aj„A I ,m) J - i + (A^^A^ A* Dm Y D + A D , h* E mY E ) im m\ kHi - 



(f M 2 5 2 + ^M^KA^A*,,)* + (24Aff ff2 2 + ^M 2 g 2 )Tr(A DJ A^) 

-(f M 3 gl + ^Migl)(Au,hU)n ~ (12M 2fl 2 + ^M lfl 2 )Tr(A D3 ^ i ) 

-(yMjja 2 + I ^Mr 5l 2 )(^At / ,) J , - (12M 2 * 5 2 + -Mtgi)Tr{h Dj ^ Di ) 

+ (f ffa 2 + §9i)(ftu«fc^)i< + ( 12 <72 + |si 2 )Tr(ft C3 / l ^) 
-^hohppAopYo + YohpphDpYn + hnA^pAopho + YoA^ DP hDph* D )ji 
-4Tr{ti Di h* Di D + A^h^hoYl) - 4Tr(/i* Dj A^Yoh^ + A^jA^hoh^) 
-ATr^ojhoiT + A^hDthuY^) -4Tr(Aj, ( ft D ife{,,A DS + A^A^/i^/io,) 
-4Tr(/i^A^yc/4 + A^-A^/it/^) - 4Tr(^^ DJ A^, A D , +/ l J )i A Dj Aj ) ,/i D ,) 
-12Tr(ft D9 ft|, 9 A I j J At )j + AD^^/iBiA*,,) - 12Tr(h D « A^A^h^ 
+A Dq A i Dq h Dj h i Di ) - 4Tr(h E ih Eq A Dj A ] Di + A Eq h Eq h Dj A^) 
-ATr{h Eq A Eq A Dj h ] Di + A E <, A Eq h Dj h^ Di ) - 4Tr(h E h E A Dj A^ 
+F B 4/i ci A^) - 4Tr(/i B ^A D ^ i + 

—8(hijm hjjYoAljm + Aumh^hoA^ + humDh um + Au^Y^h D h\j m )ji 
-&(h\j m hupA\j P Aij™ + h\ Jm A U pA\ JT h U m. + A t um h UP hl JP A um + A\ Jm A U ph\j T h U m.) i j 
+S(hl m ) lk (h um ) jl Tr(A Dl Al k ) + 8(Al m ) lk (A um ) jl Tr(h Dl hl^ 
+8(/iy m ) ik {A V m ) jl Tr (h D i A 1 D „ ) + 8(Ay m ) ik {hum ) jl Tr (A Dl h 1 D „ ) 
-12(h D .h D .jA* DP Y D + h^A^Ahpho + Y^h^ h* DP Y D + Y^A DJ h DP h D ) lp 
—4:(h D .h D .jA EP Y E + h D A Di A EP h E + Y^ hr>j h EP Y E + Y D A Dj h EP h E ) lp 
-12(^0 h^AopYn + Yoh^hopY'o + T&A^Adp/id + Y^A^h D ph* D ) 3P 
-AIJinh^AEpYE + Yhh} Di h EP Y E + /i^A^Abp/ib + YoA^ Dl h E ph* E ) JP 
-4(fc^ Ay; ) lJ Tr(A t c/1 fry* ) - 4(A yfc fry, )y Tr(fct„ Ay fc ) 
-4(A t c/fc )«Tr(ft^ h uk ) - 8(fr^ V )y T, fc - 4(fc^ fry, )«Tr(A^ Ay, ) 
-8(^ fc Ay 1 ) lJ (^>c/) ifc - 8(A t c/fc " SCA^A^Oy^Mi* 

+(y53 + Y^5?)[2(A C /9m 2 5 Ay,) Ji + (m^A^A^,)^ + 2(m|),,(A [/! A[ / 



lyg Jji 



+(A C /,Ay,m|*) jl ] - {Ggl + ^gi)[(A D . k ) lj (Y^) kt m 2 HiL[ + {Y D )jk{A^ Dk )um\ iHi \ 

+(6«?2 + ^ 2 )[2Tr(m|A IW A^ + A^m^A^) + (m^)yTr(A D ,Aj, ( ) 

+ (m 2 3 )«Tr(A IW A^)] - (6 ff2 2 + |<? 2 )[(A^ Y^m 2 ^ 

+ (A D3 yS) fe! m 2 li yJ +4(A Dfc ^) K O fcj m 2 Ji - ! +4(^I)A^)«rn^ i£i 

+4(y^A^) lI m 2 Hiii + 4(y>^) i; (m 2 Hi£i )rr(i5 + 3D) 
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-^f>ii{Y^A E k)Mm 2 HlLl + 12D ij (Y D A t Dk )um 2 Hiii - 4(Y D A DP Aj,pm£Y D )« 
-2(y^Ai, P A^y D m^) ij - -^^(Y^A^pA^pYb^+^A^A^A^Jijm^i, 
-4(FoA^ p m|A D pY3)ji - 4(F^At 5P A DP m|V^), i - 2(m%)i p (Y^A] 3P A D ,Y5) ji 
+4D ip (A* DP Y D ) qj ml qIli -ATri^A^mlAoj) - ATr^D* A^A^m 2 ^) 
-2(m|)yTr( J D t A^A c +4(A^DF fl ) tj m| fcifi - 4Tr(yJy^A^m|A D3 -) 
-4rr(y^y^A^A DJ m|V2(m 2 6 ) ;j rr(y^y^A^A Dl ) + 4(A^,Ty D ) fcj m| feHi 
-4rr(A* DJ A^,m|D) - 4Tr(y D m|y>^ A^,) - 4ml, Tr (DA^AJ,,) 
+4(y>^Aa,A* Dfc ) fc; m 2 Hi£i -4rr(m|TA* DJ Ao 1 ) -^(y^yjA^A^) 
-4m 2 j2 Tr(TA* DJ A^0 - 4Tr(Aj 3g A D ,A^ 1 mf A D3 ) - 4Tr(Al„A D9 A^A I „m| t ) 
+4(yi ) Al„A D ,A^ 1 ) :jfc m| feHi - 4Tr(A^A DJ A^A^m 2 /) - 4Tr(A^A Dj A^m|A D9 ) 
-4(m 2 5 ) iq rr(A^ 1 A DJ Al„A D + A{Y D A^ Di A Dj A Dq ) qk m\ kHi - 12Tr(A[, 5 A DJ A^mf A D ,) 
-12Tr(A^A D3 A^A D ,m|*) - 12(m 2 j)i q Tr(A\ 3q A D jA^ Di A D i) 
+l2(Y t D A^ q A D3 A^) qk m\ kHi - 12Tr ( A^ 4 A09 A^, m\A D j ) 
-^^(A^AcA^A^ml') - 2(m 2 5 ) ;j Tr(At ) ,A D ,A^A I3l ) 
-6(m£) Ii Tr(At, 4 A D4 At,,A I „) + 12(y^A^ A D , A^^fcm^ Wi 
-4Tr(m|A B ,At ; ,A I „A^ 1 ) - 4Tr(A B ,m| t Aj 3g A D:) A^) 
-4(m|) !? Tr(A B , A^,A DJ - A^) - 4(A^A DJ A^y B ) fc? m| fcHi 
+4(y|At,,A IW A^ 1 ) qfc m| feHi - 4Tr(A B ,At ;9 m|A D3 At 5i ) 
-4Tr(A B ,At ;9 A D jm| t A^) - 2{m 5 ) lj Tr(A E iA Eq A D iA t Di ) 
+4(y^A^A E ,A^) 

jk m L k H 1 ~ 4Tr ( m l SA DjA^ +y B m|y^A £)j A^ i ) 
—4m% 1 Tr(E A D j A^ Di ) - 4(y^A I „ A^A Efc ) fc! m 2 ^ iii - 4Tr(A^Sm|A DJ ) 
-4Tr(A^£A I „m| t ) - 2(m^) y Tr(Aj, i SA Dl ) - 4(A c ,n,y£A^),„(A^ m ); fc m| nffi 
-8(A c/m m|,£»A t c/m ) Jl - 4(m 2 3 *A c/m £tA^ m ) 3 , - 8(m 2 > ) !m (A [7i £»A^ m ) Jl 
-8(A C / m y^m|y D A t c/m ) J , - 8(A(7mI)m 2 =,Aj 7m )ji - Sm 2 Hl (Ay™ DA\j m ) jj 
+4(Aj 7m ) fci (A c/m y i ! ) A* Dfc ) j; m 2 j i£! - 8(A^ m A i7P m 2 5Aj 7P A ! 7 m + Aj^rrV- 'Al/p A^Aym)^ 
-8(Aj Jm A^, A^p Ay™ )ij(m 2 7 ) ip - 4(A^ m AypA^p A[,™m|)y 
-8(Aj 7 ™A C /pAj 7 pm 2 5 *A c/m )i i - 8(m 2 7 ) ;m (A l7m A l /pA] 7 pA c/ i)i i 
+4{A\ Jm ) tk (A um m 2 f) ) jl Tr{A D iA^ Dk ) + 4(Aj 7m ) lfc (m 2 5*A C /™) j; rr(A Dl A^ fc ) 
+4(At 7m ) ifc (A C 7,) :|i (m 2 > ) gm rr(A D! At 5fc ) + 8(A[> m ) iA: (A l /m) :)7 rr(A D ,m| t A^ 
+m|A c; A^J +4(A| 7m ) lfc (A C / m m 2 3 *) J9 rr(A D ,A^) - 12(y^m|A^Aopy c ) lp 
-^(y^A^mlA^y^)^ - GimlhiY^A^Yn])^ 
+12b l3 {m LkHi ){Y t D A DP ) pk - 12{Y D A D] A DP m 2 QY D ) lp 

-&{Y D A t D] A'' DP Y D m%) lp - 12m 2 Hl (Y D .A t D .jA D . P Y D ) ip + \2{Y 1 D A t Dj A* DP A t DP ) il rn 2 Hii 
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-4(yjA^ p m|A Dj yB) P i -2(m^)y(y|A^ p A D iy^) pi + 4Ai(yBA^) pfc m| fcHl 
-4(Y^ j AymlY E ) ip -2(Y^ j AyY E m%) ip -4m 2 Hl (Y^A t Dj A* EP Y E ) ip 
-AiY^A 1 ^ A EP A E p)am 2 HiLi - 12(y2AcpA^m|y D ) ra -4(y^m|A^AB P y E ) lp 
-6(Y^A DP A* Di Y D m%) pj - 12m 2 Hl (Y^ A^A^Yd)^ + 12(y^Ai,pAj, 4 A*, J ) p ,m^ i£i 
-12(y^Aj, 4 m|A D pY^) ip - 12(y^m|Ai,,Aj, 4 yi,)p j 
-6(m^) ip (y^A^A Dl y^), p + l2Tr(D)(Y^ Dt ) jk m 2 LkHi 
-4{YlA EP A* Di m%Y D ) pj - 2{Y E A t EP A* D ,Y D m 2 t) ) p] 
-4m 2 ffl (yiA^A^y D ) ra +4(yiA^A^A* D: ,) pi m^ £i 
-4(y^A^m|A E py^) JP - 4(Y E m 2 L A EP A* Di Y D ) pj 
-2(YM^A E1 Y^(m!)% + 4(Y^ Di ) jk Tr(E)m 2 LkHi 
-2(A t c/fc A vl m 2 j)ijTr(A^ Jl A uk ) - 4(A^ m 2 ^ A v i ) y Tr (A*,, A ufe ) 
-4(m|) q! (Aj 7fe A c/ ! iTr(A^A l7fe ) - 8(Aj rfc A u ,)«Tr(Aj rl A u »m^) 
-4(m|) qfe (A^A c/1 ) lJ ^(A t c/1 Ac/0 - 4(A^ A^.m^JyT,* 
-8^^4X0^ - 8(m|f ) ife (A^A [7 0^' 
-8(A t c/fc A [7i )^(Yjm|y c/ ) !fc - 8(A^A^(?>4)** 
-8m? f2 (A t c/fc A l7 ! jr ifc +4(A^ m m|) l9 (A c/ ™) j! rr(A Dl Al 3g ) 
-4(A t c/m y>^) ! ,(A C /™) ji m^ ii9 - 2(m|y>^A^y E ) lp 
-2(m^) iI Tr(BA D Ml,,) + 4(SA I , J y^) fci m^ i£fc -^(m^A^A^Oy 
-2Tr(A^ i A [/fc )(m|A^A [7! )^ - 2(m|Y^ P A^ Y D ) pi - 2(m 2 D ,) pl {Y t D A^ l A DP Y D ) j 
-2(m£Y^Ai,pAj,pYi,)y - 2(m 6 )«Tr(A I „D*A^) 
-2(m^) i ,Tr(A Dj y,;Y^Aj, I ) - 2(m^)«Tr(A^ A C3 Aj,,A D ,) 
-6(m|)«Tr(A c ,At 3g A DJ A^) - 2(m^) iI Tr(A B «A^,A DJ A^,) 
+4(At7">)jfc(A^fcybA^ m )iim| iHl - 4(A y ™Z)A ( t 7m m 2 =, t )ji - 4(m 2 £> A\ jm AupA\j P Au™) 
+4(A u ™) J iTr(A Dl Al k )[(m%Al Jm ) lk + {A\ Jm m% t ) lk + (m|) m ,(A^) ifc ] 
-6(m^y^A^ADPyb)»p - 6(y^A^A^iybm^)ii 

-2(m^)ii(YDAj, I Aj 5 ,y^) jp - e^y^ Ai,pA^ s y D )„ 

-2((m|) t yiA^ 1 A I „y^) ;i - &(m%) a {yt,lS Dl \ D vY£) jv - |a'J y 



+(yS3 ~ ^ff 2 )Tr(/ lc/J ^ i ) -S^A^JtaTrCAUfcuO 

-4{h\jA Dm A Dm h v + hjjh'bmA^Yu)^ - 4{Y^h t Dm h Dm Y u + Y^AU^-M^ 
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-(y%3 - —M^TriA^h^) - %{h? ui h uj ) lm Tr{tf I3m A D i) 
-Z,{Kl z h w ) lm Tr(K< Dm k Dl ) - 8(A| J ,A [/3 ) !m Tr(/il 3m /i Di ) 

STrihujh^AupAljp + A VJ h^hup A^ p + h vi A^, A[/p h\, p + A vi A*. 4 h V p h\, p ) 
-8Tr(ft^ ( fc^ D + fc^ A^ Ylh D )- 8Tr (A*,, fc^ ft*, ^ + A ^ Ay . ) 

+(§Ss " ^5i 2 )[4Tr(A c/J m|A[ 7l ) + (m^Tr^A*,,) + (m 2 } )ijTr(A u i A^ 4 )] 
+2(y c tA^) l ,(y^F y ) fc;) m 2 ffi£? - 4(y ( *A+ ?m m|A D m^),- i 
-4(F ( *At 5m A Dm m| t yJ), i - 4(m|) im (y ( ^Al 3m A Di y^) Jl 

+4(yJy c ) im (Ao m y/) ;j m| iHi - 4(yjAi 3m Aj> m m|y l /) li 
-2(yjAUAc m y c/ m|), j - 4ml f2 (yjAi 3m Ai m y l ;), i 
-8Tr(Aj, ra A I) i)(Aj r4 A uJ m^)j m - ST^A^A^^m^A^)*- 
-4(m|) qj (A t c/s A c/ 0imTr(At, m A Dl ) - 8(A t yi A^) im Tr(A+ 5m m|A Di ) 
-8(A t c/ ,A i73 ) ;m rr(At, m A I3l m| t ) - 8(m|Aj 71 A c/J ) 9m Tr(Al 3m A D ,) 
+8(Ac m y c A t c/t A i73 ) qm m| (!Hi - 8Tr(A [73 m^A t c/l A !7P A t c/p ) 
STriml* A^A^AupAI,,) - 4(m|)yTr(A E/! A^Ac/pA^,) 
-8Tr(A l „A t c/i m|*A C /pA^) - 8Tr(A urf A^Aypm^A^) 

-8(m|) ip Tr(A c/J A[ 71 A c/1 A t c/p ) - 8Tr(A^ A ujm %D) + 8(Aj r4 A uJ y^A*,») w m^ l£| 
-8Tr(A[ 71 m|*A c/JJ D) - 4Tr(A t c/t A yi ,D)(m 2 7 )y - Sm 2 ^ Tr (A^A^ 6) 

-2(m 2 7 yjA* Dm Ao m y [7 ) 13 + 2(y I ! ) y i7 ) m:) (A cm yj) 9l m^ i£9 

-4(m 2 7 ), q (Aj 7 ,A !73 ) im rr(At, m A Dl ) - 4(m 2 7 ) l! Tr(A t c/1 A C /pA^ p A !73 ) 
-8Tr(A^A l/3 y^m|y D ) - 8Tr(A t c/l A^ flm|) - 4(m|)«Tr(A t c/1 A c/J 5) + |stW) 



(16tt 2 ) 2 /3 ( ( ^ j = (167r 2 ) 2 /? ( (2 ]^ w + -6Tr(h E h E A D , A Dq + y B /4/i , A*,, + Ju^Ax,,^, 

+Eh Dq h t Dq ) - 2Tr (h E h E A E iA Eq + Y E h E h E iA Eq + h E Y E A E ih Eq + Eh E ch Eq ) 
-12Tr(h D h D Al q A uq + h} D Y D A\j q hui + Y D .h D hl q A u < 1 + Dh\j q hui) 
-QTr{h D h} D A t Dq A* m + Y E h < D h t D . q A D . q + hDY D .A D . q h* D q 
+Dh* Dq h* D ,) - 2(hU*)«rr(A^A JB ,) - 2(h E Y E ) lJ Tr(A E3 h E -) 
-2(Y E h E ) tJ Tr(h EJ A E >) - 2(E) ij Tr(h Ej h Ei ) - 12(h D h D ) ik Tr(A Dk A Di ) 
-12{h) D Y D ) ik Tr{A^ Dk h Di ) - \2{Y D h D ) ik Tr{h Dk A Di ) 

-12{D) ik Tr{h Dk h Di ) - 12Tr(A^ Dk A Di ){bml + m 2 D D) ik 
2 

-(16ff 2 - -^gl)[{A* Dk Y D ) lk m\ iHi + (A Dk Y E )i k m 2 HiL[ ] 

+ 1 gl[{Y E A Ek ) kl m 2 HiLi + {A Ek Y E ) lk m\ iHi \ - QTr{Y E m%Y E A Dq A*,,) 
-6Tr(£:m|A Dg A^) - 6Tr(£A D9 (m|)*A^ <! ) 
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-~6(m 2 £) )i q Tr(EA D iA J ' Dg ) - QTr(D l A^ Dq m\A Dq ) 
-Giml^TriD'A^A^) - \2{b) ik [Tr{A^ k m\A Di ) 
+Tr(Al k A D 4ml) t )]-9(Y E EA Ek ) k m 2 Hl i l -2Tr[mlEA Eq A t Eq ] 
-2m 2 Hl Tr(EA E <,A Eq ) - lQTr(Y D A.\ /q \ U9 Y^m 2 Q) 
-12m 2 Hl Tr{bA\ Jq A uq ) - 6m 2 Hl Tr(DA t Dq A* Dq ) 

-6Tr(y D m^Y^Ai,,Ai,) - 12Tr{^ Dk A Di )[{Ylm%Y D ) ik + m 2 Hl {D) ik ] 
-2Tr(A^A B »)[(Yim|F B )i j + m 2 Hl (£)«]- 6Tr(m|A* D9 Aj, 9 D) 
-6Tr(m|DAi, g Ao g ) - 12Tr(m^A^A C 7<, J D) - 6Tr(£Ar>«A|, 9 m|) 
-2Tr(A| 5 , J BA B ,(m|) t ) - 2(m 2 E ) lq Tr(A Eq EA El ) 
-4(B)«Tr(A^m|A B( ) - ^(DA^m^A^) 
-12(m^) (9 Tr(6A| r9 A t7l ) - 2Tr(At, 5 Sm|A B9 ) 

— 12Tr (-DAJ,, A[/« ra|,) - 2Tr(A E ,At,,y B m|y^ ) + 27/n 2 ^ (Y^DA^V 
-Tr(A^A B ,)(£m| + mp)« + 27m\ iHi {A* Dq DY D ) lq 
+6(A t uq A uq Y D .A t Dk ) k im 2 HiLi + 3(Y^ ) A t D qA* D qA t D h) k im 2 Hi i i 
-3(Y E A Dq A t Dq A E k) k im 2 HiLi - (Y E A Eq A Eq A Ek ) k im 2 HiLi 
+S(Y^ Dq E) ql m 2 LiHi + {Y E A Eq E) ql m\ iHi - (m 2 E E) l3 Tr(A E] A El ) 
-9(A Ek EY E ) lk m 2 LiHi +S(A Ek TY D ) lk m 2 L[Hi + 3{EA Dq Y D ) lq m 2 Hi ~ L% 
-3(A Ek A Dq A^ Dq YE)i k m 2 L[Hi - (A Ek A Eq A Eq Y E )i k m\ iHi 
+6(A* Dk Y D A\ jq A uq ) lk m 2 LiHi + 3(A* Dk A t Dq A* Dq Y D )i k m 2 LiHi 
+6(YlA t Dk ) a Tr(Al k A D ,)m 2 HiLi - (Y E A Ej ) u Tr(A Ej A Ei )m 2 Hi ~ Li 
-Tr(A Ej A Ei )(A Ei Y E ) ljm 2 iiHi + 6Tr(A^ k A Di )(A* Di Y D ) lk m 2 iiHi 

+(EA Eq Y^) lq m 2 HiLi - (Em%)uTr{A Ei A El ) - Qm 2 Hl Tr{A Dq tf Dq E) + |s' (55) 



(16tt 2 ) 2 ,3 ( (2 ^ ) = (16tt 2 ) 2 /3 ( ( ^ )Rpc + -6Tr(huh\jA Dq A* Dq + Yuh\jh* Dq K* m + huY^A Dq h Dq + Th* D ,h* m ) 

-Gihlhu^kTriA^Aui) - 6^^)^^^)- 6(Y^h v ) jk Tr(hl k A U3 ) 
-6Tr(m|TA t D ,Al 3 , + YurrifjYu^k*^) - 6m 2 ?2 Tr(TA t D9 Ao< ! ) 
-Grn 2 H2 f ]k Tr{Al k A U3 ) - Q{Y^m%Yu + fm 2 j)j k Tr(A^ Jk A U j ) 
-QTr{m%A Dq A Dq T) - 12f jk Tr(A t uk A U jm 2 D .) - 6Tr(TA t Dq (m 2 L ) t A* Dq ) 
-6Tr(YuY*Al q A Dl )(m%) lq - 6(m 2 7 T) ifc Tr(A^A [/! ) 

+6(Y D) TA t Dk ) kl rn 2 HiLi + 6(A* Dq TY D ) lq m 2 LtHi - Qf jk Tr{rf uk h vj ) - \s' (56) 



(16tt 2 ) 2 /3 (2 > 2 = aM 2 gi-Qmigi){A* Dq Y D ) lq --M 2 g 2 1 {A Eq Y E ) lq 

K Hit, 
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+(- jjMis? + Z2M 3 gi){h* Dq Y D ) lq + — M ig 'i{h Eq Y E ) lq 

+ {~Mtgl+?,2MZgt){h* Dq h D ) iq + ^Mtgl{A Eq h E ) iq 

4 12 

- 32g 2 )(h* Dq h D ) iq - —gl{h* Eq h E ) lq - Q{h Ej h D pA^ DP Y E 

+h Ej A DP A DP h E + K Ej h D vh^ DP Y E + A Ej ADph} DP h E )ij 
-2(h Ej h EP A EP Y E + h E] k EP k EP h E + A Ej h EP h EP Y E 
+A E3 A E ph EP h E ) lJ - 6(h Ej h E E + h Ej Eh E 
+A EJ h E h E Y E + A EJ Y E h E h E )ij - 2(h Ek h E ) u Tr(A El A Ek ) 
-2(h Ek Y E ) u Tr(A El h Ek ) - 2(A Ek h E ) it Tr(h El A Ek ) 
-6(h* E h E A* Dm Y D + h E Y E A* Dm h D + Y E h E h* Dm Y D 

+ E t h* D mh D ) im + Q(h E h E A* E rnY E + H E Y E A E m K E 
+Y E h t E h* E mY E + E^lmh^im + lS(h* Dk h D D 

+h* Dk Dh D + A* Dk h D h D Y D + A* Dk Y D h > D h D ) ik 
-l2(h* Dk h D A\j m Au™ + h* Dk Y D A\j m hu-m + A Dk h D hlj m A um 
+A* Dk Y D h t um h U m) lk + 12(h* Dk h D ) u Tr(A D ,A t Dk ) 
+12(A* Dk h D )iiTr(A D ih^ k ) + l2{A* Dk Y D ) a Tr(h D ih Dk ) 
+6{h* D jhuY^Y D + h* Dj Th D + A* Dj huh\jY D + A* Dj Yuh\jh D )ij 

A D mh D m hn)ij -2{A Ek Y E )uTr(h El h Ek ) 

+l2{h* Dk Y D ) a Tr{h Dl A^ Dk ) - 3Tr(Y^ Dm A Dm Y^)m 2 HiL . 
2 

- ^gi)[2(^*Dim 2 QY D )i q + 2{A* Dq Y D m 2 b ) iq + m 2 Hl (A* Dq Y D ) iq 

-(A^A^^m^^] - ^gl[2(A Eq m\Y E ) iq + 2(A* Eq Y E m 2 E ) iq 
+m 2 Hl (A Eq Y E ) iq + (A Eq A Eq ) u m 2 HiLi ] - 6(A Ej m 2 L A D pA\ 3P Y E ) ij 
-6(A^A DP m| t At 3p r i5 ) lJ - 6(m^)i p (A^A £ , I A+, p y B ) i: ,- 
+3(^ E j)i q (YD^ DP Y E ) pj m 2 iqHi - 6(A^Ax,pA^ p m|yB)y 
-3rn 2 Hl {A Ej A D pA D . p Y E )i : i - 6{A Ej A D vA* DP Y E m E )ij 
-Z{A Ej A D ptf DP A Ej ) u rn HiLi - 2{A Ej m 2 i A E vA EP Y E ) ij 
-2(A^A BP (m|) t At ;p F B ) lJ - 2(m 2 E )i p (A Ej A E ,A EP Y E ) ij 
-2(A E3 A E pA EP mlY E )^ - 2(A Ej A E pA EP Y E m%) ij - 6(A E] m 2 L EY E )^ 
-m 2 Hl {A Ej A E pA EP Y E ) i:i - {A Ej A E pA EP A Ej )um 2 HiLi - 9m 2 Hl (A EJ EY E ) tJ 
-6{A E] Y E m 2 E E) l3 -A(A Ej A Ek ) iq E kj m 2 Hiiq - 6(A E] Em 2 L Y E ) tj 
-6(A EJ EY E m 2 E ) l3 -5(A EJ EA E3 )um 2 HiLi - 2(A Ek m 2 L Y E ) il Tr(A El A Ek ) 
-2{A Ek Y E m 2 E )uTr{A El A Ek )-m 2 Hl {A Ek Y E ) u Tr{A El A Ek ) 
-(A Ek A El ) iq Tr(A El A Ek ) 

m2 n 1 l q ~ A ( A E k Y E)uTr(A El m 2 L A Ek ) 
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-2(m|), fc (A^y B ) iI Tr(A^ 1 A J5l ) - Q{A Ek Y E )u{A El Y E ) qk ml qHi 
-6{Y^ Dm m\E) mi - Q{E t K* Dm Y D m 2 3 ) im - 6(Y^A Dm Y E m 2 E Y E ) mt 
-9m 2 Hl (YjjA bm E) ml - 3(Y D A bm A Ek ) mq (Y E ) kl m 2 HiLq - 6(£*Ao m m|Y D ), 
+&{Y E A Em m\E) mi + 6(Y E A Em Y E m 2 E Y^ mi + MY E A EP Y E ) PJ (A EJ ) u m 2 LiHi 
+3{Y E k Em k Ek ) mq {Y E ) kl m 2 HiLq + 9m 2 Hl (Y E A Em E) mi + Q{E l A Em m 2 L Y E ) irr 
+6(E t A Em Y E m%) lrn + 2(E t A Em A Em ) a m 2 HiLi + 27m 2 Hl {A* Dk DY D ) ik 
+18(A* Dk m 2 QDY D ) ik + 18(A* Dk Y D m 2 D D) ik ~ l2(A Dk A Dm ) iq D mk m 2 HiLq 
+18(A* Dk Dm 2 QY D ) ik + 18(A* Dk DY D m%) ik - %A* Dk DA t r>k ) lq m 2 Hi ~ Lq 
-l2{A* Dk rn 2 QY D A\j m A um ) ik - l2(A Dk Y D m D .A\ Jm A um ) ik 
-6m 2 Hl (A* Dk Y D A\j m Aum ) ik + 6(A* Dk A Dq (A\j m Au™) qk m 2 HiL . 

-12{A* Dk Y D A\ jm A U r n rn B )i k - l2(A Dk Y D A\ Jm m D t A um ) ik 
— 12(m 2 jj)i m {A* Dk YDA\j m A u i) ik + l2(A* Dk mlY D ) a Tr(A Dl A Dk ) 
+6(A* Dk Y D ml)uTr(A Dl Al k ) + 6m 2 Hl (A* Dk Y D ) a Tr(A Dl Al k ) 
-6(A Dk A Dl ) lq Tr(A Dl A Dk )m 2 HiLq + 12(A* Dk Y D )uTr(m 2 L A Dl A Dk ) 
+12(A^ fc y D )«rr(A Dl (m|) t A^ fc ) + 6(r4y^A^) 9l rr(A D9 A^) 
-6(A Dk Y D YhA Dk ) iq m 2 iqHi + 6{A Di m%TY D ) ij + 6(A^Ty D m^)^ 
+6(A* Dj Y u m 2 Y^Y D ) ij + 6mjj 2 (A* D j TY E )ij + 6{A DJ Tm} } Y D ) l3 
+3m 2 Hl (A Dj TY D ) ij - 3(A Dj TA Dj ) iq m 2 HiLq 
+6(A* D3 A t Dm A Dm m 2 = j Y D )ij + 6{A* Dj A* D mAom Yorrif,)^ 
+3m 2 Hl (A* Dj A t Dm A* Dm Y D ) i j - 3{A Dj A Dm A Dm A Dj ) iq m 2 Hiiq 
+6(Y D A Dm m\A Dm A DJ ) jt + 6(Y D A Dm A Dm {m%f A Dj ) jt 

+6(m%) lm (Y D Al m A Dl A t DJ ) ]t + (| 5l 2 - 16g 2 3 )[(Y^ Dq m 2 L ) qi 
-m 2 Hli Tr(D)] - l9i[(Y E A E qm 2 L ) ql + (E) ki m 2 Hiik - m 2 Hii Tr(E)\ 

-3(m|*A^A D pAj, p yB)y - ZTr{Y E A DP A^ DP Y E )m 2 HiLz 
+6(A DP A^ DP E) qt m 2 HiLq + 3(A Ej A DP Y D ) ip (Y E ) qj m 2 Hiiq 
- ( ( m l ) ' A E i a ep A EP Y E ) ij - Tr(Y E A EP A EP Y E )m 2 Hiii 
+(A Ej A EP Y^) ip (Y E ) qj m 2 Hiiq - 3{m\ t A^ j EY E ) ij - 3Tr(E 2 )m 2 Hi ~ Li 
+&{E 2 ) ql m 2 HiLq - ((m|) i A^.y B )«Tr(A^A Bfc ) + 3{Y E A Em Em\) mi 
-E lk Tr(A El A Ek )m 2 Hiii + {Y E ) ki {Y E ) ql Tr{A El A Ek )m 2 Hi ~ Lq 
~3(Y^ Dm Em 2 L ) ml - 3(Y D A^ m Y E ) mk (A Ek ) u m 2 iiHi 
-3Tr{E){E) qt m 2 Hiiq + d^D* A Dk m\) ki - 9Tr(D 2 )m 2 Hi ^ 
-l2{A* Dk Y D )ii{A* D iY D ) qk m\ H - 6(A t c/m Al,mY D A Dk m 2 L ) ki 
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+6Tr(DAl m A um )m 2 Hiii + 6(Y^A^m|)«Tr(A D; A^ fc ) 
+12(m%) kq (A* D ,Y D ) H Tr(A Dl A t Dk ) - 6D kl Tr(A Dl A^ k )m 2 Hli . 
~&ml iij {A Dl Yi) ]k {Al k Y D ) a +i{Y t D T t Al J rn\) Jl 

-3Tr(DT)m 2 HiLt + 3(^Al, m A Dm A^.m|) JS + 3Tr(D)(E) ql m 2 HlLq , (57) 

where 

(™W = D = Y D Y^ T = YuYl E = Y E Y^ D = Y^Y D , f = Y^Y V , E = Y E Y E , (58) 

and 

s' = 2g 2 [Tr(A i Dq A Dq m 2 Q t ) - Tr(A^ g A Eq m 2 L ) + 2Tr(A t Lr ,A< 79 m| ) ) 

-2(m 2 & ) kl Tr (A^A^) + 2(m|) w Tr(Aj, I A D ») + (m|) fc ,Tr(A^ A Bfc )|59) 

for the soft SUSY breaking masses, the s'-term comes from exclusion the U(l) Fayet- 
Iliopoulos (FI) D-term by using its equation of motion then this renormalization gives 
rise to extra contributions proportional to the U(l) gauge coupling [7]. To check our 
results, first we have calculated the full one loop R-parity violating RGEs, and have 
compared with ref [3 [21]. Our results are the same as theirs. Moreover; to test the 
above method we have obtained the full two loop R-parity conserving RGEs which are 
consistent with results in ref [22] , Finally, when we set all lepton number violating 
couplings to be zero we have obtained the full two loop the baryon number violating 
RGEs which we could compare with results in ref [Ti] . We have realized that we have 
made some mistakes at previous paper; here we have generalised the latter results 
to include lepton number violating terms, and take the opportunity to correct some 
errors in Ref [14] , 



5 Conclusions 

In this work, we have presented the full two-loop /^-functions for all couplings for 
the RPV MSSM. In previous papers [21 [23l [24] , we have studied the effects of some 
RPV couplings up two-loop RGEs corrections; there we have made a Form program 
to calculate some of two loop RPV /3-functions as well as RPC /3-functions. however 
we have not calculated explicitly the full two-loop /? functions for R parity violating 
MSSM couplings. 

Typically, we expect effects of the two loop /3-functions make a difference of several 
percent in compare with effects of one loop on the standard running analysis such as 
Higgs physics and the scalar quark sector of the MSSM; however it is quite difficult to 
make consequential estimates of the size of the two-loop corrections without commit- 
ting to a specific model. Moreover it is desirable from the point of view of consistency 
to use the full set of /3-functions. In any event, we hope that the full set of /3-functions 
for the most general R-parity violating version of the MSSM could be used in the 
future analysts. 
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